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Teucrium pilbaranum (Labiatae), a new species 
from the Pilbara, Western Australia 

Barry J. Conn 

Abstract 

Conn, Barry /. (Royal Botanic Gardens, Mrs Macquaries Road, Sydney, NSW 2000, Australia) 1999. 
Teucrium pilbaranum (Labiatae), a new species from the Pilbara, Western Australia. Telopea 8(3): 
299-303. Teucrium pilbaranum, a small subshrub with tripartite leaves, has non-persistent 

linear prophylls that are replaced by white hairs. A full description of Teucrium pilbaranum, habitat 

and typification notes, botanical illustration, and a key to the named species of Teucrium occurring 

in Western Australia are provided. Teucrium integrifolium is recorded in Western Australia for the 
first time. 

Introduction 

Although the genus Teucrium consists of c. 300 species, there are only about 13 species 
in Australia (Conn 1992). Recent collections by Andrew Mitchell from the Pilbara 
(Fortescue Botanical District) of Western Australia revealed a relatively common 
undescribed species. With the description of this new species, in this paper, there are 
now eight named species of Teucrium occurring in Western Australia (Western 
Australian Herbarium 1999). However, the broad species concepts currently applied 
to the Western Australian Teucrium species probably do not usefully describe the 
observed morphological variation. This suggests that a full review of the genus in the 
State is required. 

Terminology follows Conn (1984), except for modifications to inflorescence 
terminology as used by Conn (1995). 

Taxonomy 

Teucrium pilbaranum B.J. Conn, sp. nov. 

T. albicaule Toelken foliis tripartite similis sed ramulomm pilis biramosis, foliis majoribus 
(10-20 mm longis, 2-4 mm latis) et pedicellis brevioribus (3-4 mm longis) differt. 

Type: Western Australia: Pilbara (Fortescue Botanical District): about 30 km W of 

Mulga Downs Homestead, on track to Boundary Bore (22 06'30"S, 118T5'31"E) 
A.A. Mitchell PRP733, 8 Sep 1995 (holo PERTH 4604342; iso KARR, NSW 426453). 

Upright subshrub to c. 0.2 m high, annually producing erect branches from a thick 
woody root stock. Branches ± quadrangular, often with opposite sides of internode 

slightly concave (in section) from between leaf bases to next lowest node, also slightly 
ridged laterally, especially on young branchlets, glabrous, except moderately hairy 

near nodes and basal intemodes; hairs unequally 2-branched (shortly stalked), 
retrorse, ± appressed or hairs simple and spreading (at nodes), slightly curved, c. 0.1 mm 

long (rarely to 0.3 mm long at nodes), white; sparsely glandular. Leaves tripartite or less 
frequently deeply trilobed (lobes as short as 2.5 mm and as narrow as 1 mm), sessile, 
dull pale green, non-aromatic; lamina segments narrowly obovate, 10-20 mm long. 
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2-4 mm wide, with length c. 5 times width, distance from base of maximum width 
c. 0.7 times total lamina length; abaxial surface densely glandular (glands sessile, 
hemispherical), glabrous or sparsely hairy, particularly on midrib (hairs curled, to 
0.3 mm long), margin always sparsely hairy; adaxial surface sparsely to moderately 
glandular, glabrous or sparsely hairy distally; margin entire; apex ± obtuse, appearing 
subacute because margin strongly recurved; venation distinct, midvein slightly raised 
on abaxial surface. Inflorescence a frondose racemiform conflorescence, 4-8-flowered, 
appearing as single flowers in axils; uniflorescence monadic. Podium 3-4 mm long, 
glabrous. Prophylls opposite or subopposite, not persistent, linear, 1-1.5 mm long, to 
c. 0.2 mm wide, inserted approximately midway (propodium c. 2 mm long; anthopodium 
1.5- 2 mm long, with propodium 1-1.3 times anthopodium), flattened, with white 

persistent hairs at base (0.2-0.3 mm long). Calyx green, campanulate; outer surface 
glabrous or with occasional hairs, particularly on lobes, midveins ± prominent, inner 
surface glabrous; tube 1.5-2 mm long; lobes equal, triangular, 1-2 mm long, 0.8-1 mm 
wide at base, with length 1—1.3 times width, apex subacute, slightly apiculate. Corolla 
5.5- 6.5 mm long, white (presumably); outer surface sparsely to moderately hairy, hairs 

to 0.3 mm long, antrorse to slightly spreading, moderately glandular; inner surface 
densely hairy in tube, hairs spreading, 0.3-0.5 mm long; tube 1.5-2 mm long; abaxial 
median lobe-pair spathulate, c. 3.5 mm long, 2-2.5 mm wide, with length 1.4-1.8 times 
width, apex rounded; lateral lobes and adaxial lobe slightly spathulate to elliptic, 
1.5- 2 mm long, 1—1.5 mm wide, with length 1—1.5 times width, apex obtuse to 
rounded. Stamens inserted 1.2-1.5 mm above base of corolla; filaments to 8 mm long; 
anthers 0.4-0.5 mm long, 0.6-0.7 mm wide. Pistil 5.5-6 mm long; ovary cylindrical 

obovoid, c. 0.5 mm long, diameter c. 0.5 mm, lobes c. 0.1 mm long, densely hairy 
distally, hairs to 0.3 mm long; style 4-6 mm long; stigma lobes 1—1.8 mm long. Fruiting 
propodium extended. Fruiting calyx probably enlarged; margin of lobes with base of 
hair forming an occasional minute tooth. Mature mericarps not seen. (Fig. 1). 

Distribution: this species occurs in the Fortescue River system, Fortescue Botanical 

District, Western Australia. 

Habitat: this common perennial herb occurs in a small crabhole plain (clay soil) in a 
major river floodplain (Mitchell PRP733) and in crab-holed drainage floor on margin 
of a calcrete table (Mitchell PRP1489), in open woodland of Eucalyptus victrix, with a 

tussock grassy ground-cover of Eriachne benthamii. 

Etymology: the specific epithet (viz. pilbaranum) refers to the occurrence of this species 
in the Pilbara of Western Australia. 

Notes: Teucrium pilbaranum is a small subshrub that is characterised by tripartite (less 
frequently trilobed), sessile leaves; non-persistent linear prophylls that are replaced by 

small, but distinct, slightly flattened white hairs. The tripartite sessile leaves are 
similar to those of Teucrium albicaule Toelken (eastern Australia), whereas the less 

frequent trilobed leaves are similar to those of T. fililobum Benth. (south-western 
Western Australia). The affinities of this species are not known. 

Conservation status: this species is not regarded as rare or endangered. Mitchell 
describes this species as 'common' in the Fortescue River system (Mitchell PRP733 & 
PRP 2489; M.E. Trudgen pers. comm., June 1999). Furthermore, additional collections 
are apparently held at PERTH (M.E. Trudgen pers. comm., June 1999). 

Other specimen examined: Western Australia: Fortescue: Millstream National Park, Howletts Well, 

about 11 km SE of Visitor's Centre (21‘36'58"S, 117 06'29"E), Mitchell PRP1489, 7 Sep 1996 (PERTH 
4583728, NSW 426454). 
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CM/arcU'Yn 

Fig.l. Teucrium pilbaranum B.J.Conn. a, habit; b, habit, showing flowers and calyces in fruit (note 

slightly smaller leaves than a); c, tripartite leaf, with left leaflet showing adaxial surface, whereas 

central and right leaflets showing abaxial surface and prominent veins; d, trilobed leaf, showing 

abaxial surface and prominent veins; e, outer surface of flowering calyx, showing hairs on tube and 

lobes (note: only three lobes drawn); f, section of outer surface of fruiting calyx, showing hair bases, 

part of tube and one calyx lobe; g, inner surface of fruiting calyx, distally hairy developing 

mericarps, extended propodium, persistent white hairs at prophyll node (prophylls not persistent); 

h, open corolla, showing hairy inner surface of tube; i, flower, showing detail of podium, prophylls 

(including hairs at base of prophyll), calyx, corolla, stamens, style and stigma; j, detail of unequally 

branched hair (a, c-j Mitchell PRP1489; b Mitchell PRP 3137). Scale bar: a & b = 75 mm; c & d = 15 mm; 
e & f = 4 mm; g-i = 7.5 mm; j = 0.3 mm. 
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Key to Western Australian Species 

1 Leaves entire or toothed, never deeply lobed or tripartite (however, if shortly lobed 

then lobes ± entire) 

2 Leaves flat, at least 10 mm long and more than 5 mm wide 

3 Lamina broadly elliptic to slightly broadly obovate, 8-15 mm wide, margin 

serrate (note: lobed juvenile leaves may be present at base). 
. T. grandiusculum 

3* Lamina narrowly ovate to narrowly elliptic, 1-6 mm wide, margin entire 

4 Branches and leaves glabrous, or very sparsely hairy (hairs ± spreading), 
glaucous; flowers 2-5 per leaf axil . T. integrifolium 

4* Branches and leaves hair)' (hairs retrorse), not glaucous; flowers solitary, three 
per leaf axil . T. racemosum 

2* Leaves variously and often strongly recurved, up to 5 mm long and to 3 mm wide 

5 Corolla pale yellow, much longer than distinctly campanulate calyx . 
. T. myriocladum 

5* Corolla white, not much longer than distinctly tubular calyx. 
. T. eremaeum 

1* Leaves tripartite or ± deeply lobed almost to midrib 

6 Leaves tripartite or divided into 3-5 narrow linear lobes 

7 Branches with ± patent to spreading hairs throughout; corolla white or yellow 
. T. fililobum 

7* Branches with ± appressed T-shaped hairs on basal intemodes and ± spreading 

hairs at nodes, otherwise glabrous; corolla white . T. pilbaranum 

6* Leaves ± deeply pinnately lobed with 2-5 lobes in upper half . 

. T. sessiliflorum 

Teucrium integrifolium Benth. 

A recent collection from Argyle Downs Homestead (Mitchell 3188) is regarded as a 
narrow-leaved form of T. integrifolium. This species is previously known from 
Queensland and the Northern Territory. 

Specimen examined: Western Australia: Hall: Adjoining buildings at Argyle Downs homestead 

(16‘38’54”S, 128'46'00"E), Mitchell 3188, 6 July 1993 (BROOME, PERTH, NSW 297943). 
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Acacia pedina (Fabaceae: Mimosoideae), a new 
species from the South Coast, New South Wales 

Phillip G. Kodela and Terry M. Tame 

Abstract 

Kodela, Phillip G.1 and Tame, Terry M.2 f1National Herbarium ofNeiv South Wales, Royal Botanic Gardens, 
Mrs Macquaries Road, Sydney NSW 2000, Australia, 2Hunter Region Botanic Gardens, Pacific Highway, 
Heatherbrae NSW 2324, Australia) 1999. Acacia pedina (Fabaceae: Mimosoideae), a new species from the 
South Coast, Neiv South Wales. Telopea 8(3): 305-309. Acacia pedina Kodela et Tame, a new species 
of Acacia section Phyllodineae from the South Coast of New South Wales, is described along with 
its ecology, distribution and conservation status. It is a rare species closely related to Acacia 
pycnantha, but distinguished by straight to shallowly recurved, oblanceolate to obovate adult 
phyllodes, large juvenile/intermediate phyllodes and 25-40-flowered heads. 

Introduction 

For some time a group of distinctive specimens from the South Coast of New South 

Wales similar to Acacia pycnantha Benth. were separated in the National Herbarium of 
NSW based mainly on plant habit, foliage characteristics and number of flowers per 
capitulum. Specimens of this entity were first collected in 1915 and assigned to 

A. pycnantha, however several botanists have drawn attention to it as a possible new 
taxon requiring investigation. Our studies found that although the flowers and fruit 

are similar to A. pycnantha the South Coast taxon is very characteristic in the field and 
deserves specific recognition. This new species, A. pedina, appears to be restricted to 
the south coast of New South Wales near Tanja, while A. pycnantha is widespread from 

southern New South Wales (south and west of Queanbeyan region), across much of 

Victoria and into south-eastern South Australia. 

Taxonomy 

Acacia pedina Kodela et Tame, sp. nov. 

A. pycnantha Benth. affinis sed phyllodiis valde dissimilibus, phyllodiis adultis 
plerumque brevioribus, capitulis 25-40-floribus (vice c. 40-80-floribus) differt. 

Holotype: New South Wales: South Coast: near Tanja, Mimosa Rocks National Park, 
19 July 1997, P.G. Kodela 441 & P.C. Jobson (NSW). Isotypes: AD, B, BRI, CANB, K, MEL, 

NE, MO, PERTH, UNSW, US. 

Shrub or small tree 2—5(—7) m high, often slender or spindly but with spreading 

canopy in larger protected trees; bark hard, smooth and often shallowly fissured and 

tessellated, light to dark, often mottled, grey. Branchlets terete to subterete, glabrous 

and usually pruinose, distally somewhat flexuose. Stipules broadly triangular, 

indurated, dark brown to blackish, glabrous, usually caducous. Phyllodes alternate and 
articulate, mostly dimorphic with large juvenile/intermediate phyllodes 8.5-16 cm long, 

2.7-8 cm wide (with a gradual transition in size to the adult phyllodes), abruptly 
narrowed to an obtuse or sometimes emarginate apex, with ± cuneate base, bluish- to 
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brownish-green, glabrous; adult phyllodes dark brown- to blackish-resinous when 
young; pulvinus 3-6 mm long, laterally wrinkled, brown to orange-brown, sometimes 
pruinose, glabrous; lamina inequilateral (mostly only slightly so), flat, oblanceolate to 
obovate, ± straight to shallowly recurved, with rounded to broadly obtuse apex and 

somewhat attenuated base, (5-)6-10.5(-12) cm long, (1.2-)1.5-3.5(-4.3) cm wide, the 
margins veinlike, somewhat undulate when dry, a prominent, glabrous gland present 
(sometimes at a gradual slight indentation or sometimes raised margin) on the adaxial 
margin 1-3 cm above the pulvinus, occasionally a second gland present near the 

midpoint of the adaxial margin or further towards the apex; midvein prominent, 
± central, the venation penninerved with the secondary venation inconspicuous 

(but more conspicuous when dry) and a weak vein leading from the proximal part of 
the midvein to the gland and often extending distally as a inconspicuous 

intramarginal vein; lamina and veins glabrous, grey-green and becoming pruinose in 
older phyllodes. Inflorescence of axillary and terminal racemes and/or panicles; axis 
slightly to markedly, often irregularly, flexuose, (l-)3-7(-9) cm long, bearing 

(3—)8—14(—19) peduncles, sometimes slightly pruinose, bracteate, the bracts triangular, 
dark brown, glabrous; peduncles 2-4(-5) mm long, mostly broadening towards apex, 

glabrous, bracteate. Capitula globular to slightly ovoid (more obvious when in bud), 

c. (25-)30-40-flowered, 6-8 mm diam., yellow to golden, scented; bracieoles with stipe 
0.8-1.1 mm long, pale brown, the lamina peltate, orbicular or slightly ovate to 
rounded-triangular, 0.3-0.5 mm diam., brown, ciliate with whitish hairs. Flowers 
5-merous; calyx cupular, 0.9-1.2 mm long, the sepals united for 'A-% of their length 

(probably splitting towards base with age), the tube brown, mostly glabrous (hairs 
mainly along costa towards apex or sometimes continuing down from sinuses), 

the lobes obtuse triangular to rounded, glabrous to puberulous (especially around 
the base of the short lobes and near the sinuses, often forming a band of hairs joining 

the margins where the lobes meet whilst glabrous in apical portion of lobe surface), the 
margins densely ciliate with matted crisped white hairs; petals 1.4-1.6 mm long, free or 

basally connate for 'A-% their length (splitting with age), glabrous, the apex ± acute, 
slightly thickened. Stamens numerous, to 3.5 mm long; ovary white pubescent though 

often glabrous near base and more densely hairy towards apex, sometimes almost 
glabrous with hairs concentrated at apex; style to 3.5 mm long, inserted slightly 
eccentrically on the apex of the ovary, glabrous; stigma barely enlarged. Legumes linear, 

straight to slightly curved, mostly barely or slightly and often irregularly constricted 

between the seeds (sometimes with occasional narrow constrictions) and moderately 
raised over them, to 12 cm long, 5-7.5 mm wide, firmly chartaceous to thinly 

coriaceous, ± smooth or slightly rough or sometimes with few veins on surface, brown 
with paler and slightly thickened margins, glabrous. Seeds arranged longitudinally in 
the legume, ellipsoidal to obloid, 4.1-5.3(-6) mm long, 2.1-3.0 mm wide, smooth, 

blackish brown to black; pleurogram fine, narrow, ± U-shaped; areole constricted and 

open towards the hilum, smooth, same colour as rest of seed; funicle short, folded once 
or twice, light brown; aril clavate, pale brown to fawn. (Fig. 1). 

Phenology: flowers July to October; fruits November to January. 

Habitat. Acacia pedina occurs in clayey loams derived from weathered shales, on 

hillslopes and near creeklines, on and inland of headlands, in eucalypt open forests of 
Corymbia maculata (often with Eucalyptus globoidea or Allocasuarina littoralis) or other 

eucalypts, with shrubs and small trees including Acacia falciformis, A. implexa, 
A. iiroiata, A. longifolia, A. terminalis, Daviesia mimosoides, Dodonaea triejuetra and 

Exocarpos cupressiformis. It also occurs in open forest of Eucalyptus botn/oides with 

understorey of Exocarpos strictus, Melaleuca sp., Lomandra longifolia, Pteridium 
esculentum and Imperata cylindrica, on flat to gently undulating area behind coastal dunes. 

Distribution: New South Wales South Coast from near Bermagui south to near Tathra. 
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Fig. 1. Acacin pedina. a, branchlet; b, mature or adult phyllode; c, juvenile or intermediate phyllode; 

d, bracteole; e, perianth; f, gynoecium; g, seed; h, legume (a, b, d-f, Egerod 87285; c. Tame 5130; 
g, h. Covein/ 7310). Scale bars: a-c = 1 cm; d-f = 1 mm; g = 5 mm; h = 1 cm. Drawn by T.M. Tame. 
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Conservation status: A. pedinci is restricted to an area of no more than about 30 km in 
extent, with several of the known stands in conservation areas. However, because of 

the limited range of A. pedum and its proximity to populated areas a conservation 
rating (Briggs & Leigh 1996) of 2RC is appropriate. 

Etymology: the specific epithet is derived from the Greek pedinos, pertaining to the 
blade of an oar, since the phyllodes and particularly the large juvenile/intermediate 
phyllodes of this species are often more or less paddle-shaped. 

Variation: although the population appears to be quite uniform in morphological 

characters, the variation between juvenile/intermediate and mature phyllodes is large 
and conspicuous. Plants growing under larger tree canopies tend to be open and 

spindly, whereas those growing in more open areas have a more dense habit. 

Notes: closely related to Acacia pycnantha but may be distinguished from it by the 

mostly shorter stature, the dimorphic phyllodes (morphology of juvenile and 
intermediate phyllodes differs from that of adult phyllodes), the non-falcate and 

generally shorter adult phyllodes, the large blue-green juvenile/intermediate 
phyllodes, and the smaller, fewer-flowered capitula generally on shorter racemes. 

The foliage in A. pyamntha is mostly greener and often more thickly coriaceous than 
that of A. pedina. 

The nearest known populations of A pycnantha occur in the ranges of the Great Divide 

c. 85 km west at Merriangaah Station (north-west of Bombala) and c. 95 km north-west 
at Mount Dowling (near Bredbo). One specimen, from 2.7 km SE of the summit of 
Mt Dowling, J.D. Briggs 2332 & A.V. Slee (BRI, CANB, MEL, NSW, PERTH), is atypical 
in having small 27-37-flowered heads similar to A. pedina. 

Acacia falciformis is a similar but unrelated species growing in the same area as 

A. pedina. A. falciformis has generally longer, more bluish, straight to falcate phyllodes, 
pale flower-heads and broader legumes with a prominent reticulation. 

Selected specimens: New South Wales: South Coast [general localities provided only]: near Tanja, 

17 Oct 1974, Coveny 5829 & Armstrong (A, AD, B, BRI, CANB, CHR, E, HO, K, MEL, MO, NE, NSW, 

NY, PE, PERTH, PRE, UNSW); ditto, 16 Dec 1975, Coveny 7310 (A, CANB, K, MEL, NSW, TL, US); 

Mumbulta State Forest, 16 Dec 1975, Coveny 7311 (AD, B, BRI, CANB, DNA, HO, K, MEL, MO, NE, 

NSW, NY, PE, PERTH, PRE, UNSW); Cuttagee Ck, Aug 1915, Dunn s.n. (NSW48649); Tathra, 

16 Sep 1987, Egerod 87285 (NSW); S of Bermagui, 19 July 1997, Kodela 435 & Jobson (CANB, MEL, 

NSW, NY); Mimosa Rocks National Park, 19 July 1997, Kodela 439 & Jobson (CANB, MEL, MO, 

NSW); ditto, Kodela 440 & Jobson (NSW); ditto, 20 July 1997, Kodela 443 & Jobson (MEL, NSW, 

PERTH); between Tanja and Bermagui, 31 Dec 1986, Moriarly 1255 (FRI, NSW); near Baronda Head, 

12 July 1979, Parris 1979/52 (NSW); Dr George Mtn, [Bega-Tanja road], 22 Mar 1997, Tame 5130 
(Hunter Region Botanic Gardens); ditto. Tame 5132 & 5133 (I-Iunter Region Botanic Gardens, NSW). 

Key to A. pedina and A. pycnantha 

1 Adult phyllodes oblanceolate to obovate, straight to slightly curved, 5-12 cm long; 
capitula 25-40-flowered. \ pedina 

1* Adult phyllodes narrowly elliptic or oblanceolate, slightly to markedly curved 
(falcate), 8-20 cm long; capitula (27-)40-80-flowered . A. pycnantha 

Discussion 

Acacia pedina has previously been treated as part of the variable species A. pycnantha. 
Indeed, recent phenetic analyses of phyllode characters of A. pyamntha showed four 

groups within the species across its geographic range in south-eastern Australia, with 
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phyllode width and phyllode thickness-to-width ratio found to be the characters best 

discriminating between the groups (Sandercock 1997). A. pedina represents one of 
these groups. As recognised by Sandercock (1997) and Maslin (unpubl.), the phyllodes 

of A. pedina have a conspicuous vein extending from the midvein near the pulvinus to 

the gland, and this vein is often less conspicuous, or not visible without being cleared 
chemically, in A. pycnantha. The conspicuousness of the vein is most likely to be a 
function of the width of the phyllode at the gland, which is often greater in A. pedina 

than in many of the phyllode forms of A. pycnantha (Sandercock 1997). 

Some specimens of A. pycnantha have fewer than 40 flowers per head, including some 
collections from Victoria that have more or less glaucous stems and similar phyllode 

morphology to A. pedina. The latter collections come from the Gippsland Plain and 

East Gippsland regions and include: N of Heyfield, western bank of Glenmaggie 
Reservoir, Salasoo 4854 (NSW); Stockdale to Briagolong, c. 3 miles [4.8 km] SW of 

Stockdalc, Salasoo 4974 (NSW); Red Bluff turn-off, Lake Tyers Rd, E of Lakes Entrance, 

Rodd 4291 (K, MEL, NSW) - fruiting specimen; Mottle Range Rd, 2 km N of Monument 
Track, 3 km W of Stringer Knob, van Rees 010 (MEL, NSW) - to c. 42 flowers per head; 

7.4 miles [11.8 km] from Buchan towards Orbost, Canning 1267 (NSW). These eastern 

Victorian specimens appear to have larger flower-heads than A. pedina, and further 

investigations of the taxonomy (e.g. morphology of juvenile and intermediate 

phyllodes), distribution and ecology of this group are required to assess its status and 
relationships with A. pedina. The distribution and conservation status of A. pedina may 

need to be reviewed in light of future findings. 

An atypical specimen of A. pycnantha from far south-western Victoria (i.e. Mt 
Richmond National Park, Beauglehole 18890, MEL, NSW) superfically resembles 

A. pedina in adult phyllode shape. 

The entity described and proposed by Maiden (1921) as Acacia ivestonii from the slopes 
of Mount Jerrabomberra, near Queanbeyan, is treated here as falling within the 
variation of Acacia pycnantha. There is scope for further investigation of A. pyncantha 

s. lat. and its allies. 
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A new species of Chrysocephalum (Asteraceae: 
Gnaphalieae) from New South Wales 

Joy Everett 

Abstract 

Everett, ]oy (National Herbarium of New South Wales, Royal Botanic Cardens, Mrs Macquaries Road, 
Sydney, NSW 2000, Australia). 1999. A new species of Chrysocephalum (Asteraceae: Gnaphalieae) from 
New South Wales. Telopea 8(3): 311-313. Chrysocephalum serpens, a new species from the coastal 
ranges of New South Wales, is similar to C. semicalvum but differs in having ovate leaves and a 
scrambling habit. It is restricted in distribution and its conservation status is considered to be 3RC-. 

Chrysocephalum serpens Everett, sp. nov. 

Chrysocephalo semicalvo similis sed foliis ovatis et habitu repenti differt. 

Type: New South Wales: The Castles, Carrai State Forest, /. Everett 1013 & D. Binns, 

7 Dec 1987 (holo NSW 198261; iso BRI). 

Prostrate to ascending scrambling herb to 15 cm high, rooting at the nodes, and 
forming a loose to dense mat. Young stems densely glandular and scaberulous, older 

stems reddish, glabrescent and ribbed. Leaves cauline, spathulate, obovate or oblong, 
attenuate at the base, margins flat or slightly inrolled, but tightly inrolled at the tip so 

appearing apiculate, 10-26(-40) mm long, 4-10 mm wide, with the midvein prominent 
and adaxially indented; blades abaxially glandular and hispid with multiseptate hairs 

with long, fine apices; adaxially glandular, sticky, and hispid with multiseptate hairs. 
Scape densely glandular 6.5-9 cm long. Compound heads 9-11 mm diameter with up 

to 100 florets, receptacle slightly conical. Involucral bracts in several series, the outer 

with cartilaginous claws, with membranous laminas, woolly-ciliate on the margins 
and abaxial surface. Florets bisexual and female, all florets apparently fertile, bisexual 

florets campanulate, a very few outer florets female and filiform. Corolla bright yellow. 

Anthers tailed. Style branches truncate. Achenes of bisexual florets oblong, golden 
brown with 4 paler longitudinal ribs, glabrous; those of female florets similar but with 

only 2 ribs; pappus of bisexual florets a ring of bristles, shortly fused and barbellate at 
the base, subplumose at the tip; pappus of female florets absent or of 1 or 2 free 

bristles. (Fig. 1). 

Distribution: known only from three isolated sites in the New South Wales coastal 

ranges north of Taree. 

Ecology: locally frequent, restricted to skeletal soils on outcrops of metamorphosed 
sedimentary rock along the coastal ranges, ha open forest of Eucalyptus melliodora or 

E. microcarpa, E. propinqua and Lophostemon confertus, and with grassy understorey 

including Themeda australis and Lomandra longifolia. 

Conservation status: 3RC- is recommended. 

Epithet: from the Latin ‘serpens' referring to the trailing, spreading habit. 

Notes: Chrysocephalum serpens seems closely related to C. semicalvum (F. Muell.) Paul 

G. Wilson, with which it shares a similar capitulum and floret structure, but differs 

markedly in the ovate leaves and scrambling habit. Note that the receptacle of 
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Chrysocephalum is described by Everett (1992) as flat, but both C. sefnicalvum and 

C. serpens have slightly conical receptacles. Vegetatively C. serpens closely resembles 

Ozothamnus bidwillii (Benth.) Anderberg, in the leaf-shape and trailing habit, and could 

easily be misidentified if flowering material were not available, although O. bidwillii 

grows in quite different habitats, in dry rainforest or rainforest margins. 

C. serpens has been in cultivation at the Royal Botanic Gardens, Sydney for 12 years 

(from cuttings collected at the type locality) and makes an interesting, enduring 
ground cover. 

Specimens examined: New South Wales: North Coast: Bluff Mountain, Mt Marsh State Forest, 

Benwell s.n., Mar 1998 (NSW 430018); The Castles Flora Reserve, Carrai State Forest, Binns DLB139, 
Apr 1987 (NSW). 
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Sexual arrangements in kohekohe 
(Dysoxylum spectabile, Meliaceae) 

315 

J.E. Braggins, M.F. Large and D.J. Mabberley 

Abstract 

Braggins, J.E.1, Large, M.F,2 and Mabberley, D.J.3 ('Plant Science, School of Biological Sciences, University 
of Auckland, Auckland, New Zealand; institute of Molecular BioSciences, Massey University, Palmerston 
North, Ncxv Zealand; 3National Herbarium of The Netherlands, University of Leiden, The Netherlands, and 
Royal Botanic Gardens, Sydney, NSW 2000, Australia) 1999. Sexual arrangements in kohekohe 
(Dysoxylum spectabile, Meliaceae). Telopea 8(31: 315-324. Detailed examination of floral structure 

in Dysoxylum spectabile (Forst. f.) Hook. f. from New Zealand reveals that individual trees are either 

exclusively female with flowers lacking pollen, or are male or rarely hermaphrodite with flowers 

producing pollen and seldom, if ever, fruit. Floral structure is described for both forms. 

Introduction 

Kohekohe (Dysoxylum spectabile (Forst. f.) Hook, f.) is a striking cauliflorous/ 

ramiflorous tree restricted to the North Island and northern South Island of New 

Zealand (Fig. 1), where it flowers from late autumn to winter; it is found in primary 

forest and persists in cleared areas forming a major component of the canopy, besides 

being planted in parks as an amenity tree. Its flowers, which have a creamy white 

staminal tube, pale green calyx and corolla, with nectar produced from a disk around 

the ovary (Fig. 3,4), are visited by insects and birds which may be pollinators. 

Kohekohe is the only member of the mahogany family, Meliaceae, to be found in New 

Zealand and is the most southerly species in a genus of some 80 species found from 

Sri Lanka and southern China through Malesia east to Niue (Mabberley 1995). 

Mabberley (1995) records that Dysoxylum species are 'dioecious, more rarely with 

hermaphrodite flowers', the family including trees which are dioecious, polygamous, 

monoecious, or with only bisexual flowers (Mabberley 1997). Styles (1972) established 

that many members of the Meliaceae have functionally unisexual flowers, but that 

each male or female flower also has well formed though sterile rudiments of organs of 

the opposite gender. Pennington and Styles (1975) examined representatives from all 

known genera and showed that only Turraea L. and related genera have exclusively 

hermaphrodite individuals. 

The sexual arrangements in Dysoxylum species had not been examined in the field 

before 1990 when DJM visited New Zealand to examine living kohekohe material and, 

with JEB and MFL, made some pilot studies. Since then investigations on pollen 

morphology in the genus (Large & Mabberley 1994) as well as studies on 

D. pachyphyllum Hemsl. from Lord Howe Is. (unpublished) also indicate dioecy in the 

genus, although this is not always obvious. 

These observations lend support to earlier reports by Styles (1972, table 1) who 

describes Dysoxylum fraseriamnn (A. Juss.) Benth. from Australia and the red bean of 

Australia, D. muelleri Benth., a synonym of the Malesian D. mollissimum Blume 

(Mabberley 1994) as dioecious. 
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Fig. 1. Map showing the distribution of Dysoxylum spectabile in New Zealand. This information is 
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However, despite investigations devoted to tire ecology of D. spectabile, e.g. Court and 

Mitchell (1988, 1989), its dioecious nature appears not to have been previously 

appreciated. Kohekohe has also been the subject of many taxonomic treatments and 

features in most texts on New Zealand trees and other flowering plants, e.g. Allan iir 

the New Zealand Flora (1961: 462) states that the flowers are 'perfect'. Nonetheless in 
several cases it is illustrated in sufficient detail that the sex of the flowers can be 

discerned, e.g. that in Salmon (1970:118) being male. 

Understanding the floral biology of kohekohe has been further complicated by the 

majority of specimens lodged in herbaria being male (a full list of material studied is 

available from the authors, though a representative one is presented in the Appendix). 

Materials and methods 

In this study carried out by JEB and MFL, fresh material of kohekohe was examined 

from throughout its New Zealand range with the aims of understanding and 

describing its functional floral biology. A list of the living subject trees is available from 

the authors. Herbarium vouchers are deposited in AKU. 

Flowers 

Flowers were collected from fruit-bearing and non fruit-bearing trees and examined 

for their reproductive structures. Trees were monitored throughout the flowering 

period (March-June) for three successive seasons (1996-1998). Calyx, corolla and 

staminal tube measurements were made (Fig. 2), those of the tube with a pair of 

electronic callipers (Mitutoyo digimatic, Mitutoyo corporation model CD-6"). 

Fig. 2. Schematic LS of the flower of Dysoxylum spectabile indicating the positions of measurements 

given in Table 1. a, staminal tube length; b, staminal tube width measured at the widest point; 

c, anther length; d, distance of anther tip to the upper edge of staminal tube. 
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Table 1. Data summary on an individual tree basis, for female and hermaphrodite/male trees of 
Dysoxylum spectabile. 

Sample sizes include flowers or fruits as stated sampled from three populations (2 Auckland, 1 Wellington). 

The sample of fruits from hermaphrodite/male trees represents all that are available from the same 3 

populations. Data include mean, standard deviation and range for staminal tube length (F length); 

staminal tube width (F width); staminal tube length to width ratio (F L:W); number of anthers per flower 

(N° of anthers); anther length; distance from the tip of the anther to the top of the staminal tube (D. top 

of tube); style length; style head width. The level of pollen viability; number of locules per fruit; number 
of seeds per locule and number of seeds per fruit are also recorded. 

Male Mean Sdev Range Sample size 

F Length mm 7.68 0.74 5.86-9.16 75 fl. 

F width mm 4.93 0.61 3.69-6.34 75 

F L:W 1.56 0.16 1.20-2.08 75 

N° of anthers 10.34 0.63 10-13 40 fl. 

Anther length mm 1.44 0.11 1.2-1.6 40 

D. top of tube mm 0.9 0.35 0.3-1.4 40 

Style length mm 8.1 0.62 6.3-9.0 40 

Style head mm 1.4 0.11 1.0-1.6 40 

Pollen viability 96% 0.24 87-97% 50 grains x 75 fl. 

N° locules - - 0-3 6 fruits 

Seeds per locule - - 0-2 6 

Seeds per fruit - - 0-2 6 

Female 

F length mm 5.79 0.79 4.48-7.26 65fl. 

F width mm 5.05 0.49 4.02-6.00 65 

F L:W ratio 1.14 0.16 0.86-1.46 65 

N° of anthers 10 0.34 10-11 30 fl. 

Anther length mm 1.27 0.15 1-1.6 30 

D. top of tube mm 1.0 0.28 0.6-1.2 30 
Style length mm 7.1 0.62 6.2-8.2 30 
Style head mm 1.3 0.18 1.0-1.7 30 
Pollen viability - - none 65 fl. 
N° of locules - - 3-5 30 fruits 
Seeds per locule - - 0-3 30 
Seeds per fruit - - 3-7 30 

Anthers and pollen 

Anthers were examined for the presence of pollen. Anther number per flower length 

S' *" «P *° upper edge of fhe stamiL lube are gS 

calilrnL Measurements were made using a stereo dissecting microscope with a 
eye-P1(;cc m'crometer. Pollen samples from all flowers with pollen were 

Hesloo Harrison Th° ^ b,Ue ^ SeParately with fluorescein diacetate 
(Heslop-Hamson & Heslop-Harnson 1970) to determine levels of grain viability. 

fn TableT ^ ^ diameter were also recorded. These data are summarised 
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Fruits 

Fruits were collected from the same trees used for the floral examination. Locule 

number and seed set per locule were noted. Data are summarised in Table 1. 

Observations 

Flowers 

The shortly pedicelled flowers occur in thyrses of variable length (c. 50-530 mm long) 

with, in general, more per inflorescence in the male/hermaphrodite than in the female. 

Calyx lobes are very small (c. 3.5 mm) while the corolla is longer (c. 10 mm) with 4 to 

5 linear petals. The staminal tube is cylindrical, fleshy and its margin crenate 

(Figs 3-8). There is some variation in length and width (Table 1). However, male 

flowers tend to have longer and narrower staminal tubes than do females. This is 

illustrated by the staminal tube length to width ratios (also summarised in Table 1) of 

1.56 in the male and 1.14 in the female. Nectar is present in both kinds of flower and 

is produced in similar quantities. 

Anthers and pollen 

All flowers from all the trees examined in this study contained 10-13 anthers per 

flower. Anthers are shortly stalked and borne on thickened filaments emerging from 

the staminal tube (Figs 3,4, 7, 8). 

Of the trees studied, 40% to 50% consistently produced flowers with anthers which did 

not contain pollen. In these female flowers (Figs 4, 6,8), anthers shrink at anthesis and 

are often dry in appearance. The remaining trees produced swollen anthers which 

open before anthesis. In these male flowers (Figs 3, 5, 7), pollen grain viability 

measured with fluorescene diacetate ranged from 88% to 97% in any one tree. 

A detailed study of pollen of this and other species within Dysoxylum is reported by 

Large and Mabberley (1994: table 1, fig. 2). In D. spectabile pollen grains are spherical 

in equatorial view and 3^1-colpate. Colpi are narrow and short, reaching about half of 

the grain diameter. Exine ornamentation is slight, usually scabrate or granulate. 

Size (measured fresh and mounted in silicone oil): mean diameter = 35 pm ± 1.70, 

range 29-40, sample size = 50. 

Gynoecium 

Styles are slender with disciform style heads. The upper surface of the style head is 

finely papillate, with papillae longer and slightly more developed in female flowers. 

The pollen receptive surface appears to be the margin and ventral surface which is wet 

and sticky in both male (Fig. 7) and female flowers (Fig. 8), but particularly so in 

the latter. 

The fruit is an obovate pendulous capsule up to 25 mm long in the female with 3-5 

(usually 4) locules each with 0-2 or very rarely 3 seeds (total 4-7 per fruit) which have 

orange to scarlet arils containing a white sticky latex. Carpels are present in the male 

flowers but ovules within these are usually absent. Very rarely, fruits may be 

developed on 'male' trees; a total of 6 fruits only were observed throughout the three 

years of this study. These are smaller than the fruits produced by the females, being 

1-3 locular to 20mm long with 0,1 or 2 seeds (0-2 per fruit). 

Locules seen in both male and female trees were often empty. The maximum number 

of ovules observed per locule in fruits obtained from female trees was three (or two in 

the fruits developed on male trees) indicating that seed number in all of the 

populations studied from 1996-1998, was well below potential levels. 
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Discussion 

All flowers examined in this study contained ovaries and anthers. However, there is a 
distinction between trees with exclusively female flowers (without pollen) and trees 
with male, or rarely hermaphrodite, flowers (both with pollen). 

In the populations studied the ratio of male to female trees was approximately 1:1. 
However, male to female ratios in natural populations of kohekohe are difficult to 
assess. Plants often only bear flowers on upper branches. When growing in crowded 
stands, these branches may become intertwined complicating determination of the 
source of flowering material. Assessment of the proportion of females by examining 
fruit set may also be misleading and underestimate natural levels. This is complicated 
by the rare setting of fruits by 'male' trees and the fluctuating yearly production of 
fruits by female trees. In any year an individual may have few flowers and thus set few 
fruits. 

Flowering varies from year to year, with heavy flowering seasons usually followed by 
lighter ones. Male trees may be especially floriferous carrying more inflorescences and 
more flowers per inflorescence than female trees. This probably explains the bias in 
herbarium material towards male specimens. Individual flowers from female trees 
have a shorter and wider staminal tube (see Table 1) than do flowers on male trees. 
This difference is more pronounced in populations of kohekohe in the southern parts 
of its range. 

The sexual arrangement exhibited by kohekohe can be described as a modified form 
of androecy. Although it may be easy to recognise female flowers (and consequently 
female trees) by the absence of pollen and shorter staminal tube, it is not as easy to 
understand the true functional and effective gender of the few trees with flowers 
which produce pollen and occasional fruits. Lloyd (e.g. 1974 a & b, 1975, 1976, 1980) 
argues that a continuum from hermaphroditism through gynodioecy to dioecy may 
exist, and points out that sexual arrangements are not always obvious from morphology. 

Although this is the first time any member of the genus, or indeed of the family, has 
been examined for sexual arrangements for so long a period over such a wide range, 
it is sobering to consider that even as well known a tree as the red maple (Acer rubrum L.) 
in North America had many surprises (see Primack & McCall 1986). It is clear that 
further detailed work is required to verify the complete reproductive story for 
kohekohe and the genus Dysoxylum in general. When dioecy has only lately been 
recorded for the first time in the widespread Labiatae-Viticoideae in no less than the 
common Old World tropical Premrn serratifolia L. (Mabberley 1992) it is also clear that 
the phenomenon may be much more widespread than even Bawa et al. (1985) 
have indicated. 

Fig. 3. (Opposite page) LS of male flower of Dysoxylum spectabile with part of the calyx, corolla and 
anther tube removed so that the form and position of the anthers, gynoecium and nectar-producing 
disk can be seen. Scale bar = 1 mm Fig. 4. LS of female flower of Dysoxylum spectabile with part of 
the calyx, corolla and anther tube removed and showing the staminal tube with dry pollen-less 
anthers. Tire nectar-producing disk is visible surrounding the ovary at the base of the style. Scale 
bar = 1 mm Fig. 5. Male flower of Dysoxylum spectabile showing swollen anthers and pollen. 
Dehiscence occurs in late bud stage only. In very young buds the anthers are dosed. Scale bar = 1 mm 
Fig. 6. Female flower of Dysoxylum spectabile showing dried, shrunken, indehiscent anthers. Scale 
bar = 1 mm Fig. 7. Enlargement of stigma and anthers from male flower of Dysoxylum spectabile. 
Anthers are large and releasing pollen. The wet pollen receptive surface on tire margin and 
ventral surface of the style head is visible. Scale bar = 1 mm Fig. 8. Enlargement of stigma and 
anthers from female flower of Dysoxylum spectabile. Anthers are shrunken and without pollen. The 
wet pollen receptive surface on the margin and ventral surface of the style head is visible. 
Scale bar = 1 mm 
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Appendix Representative list of the herbarium material of Dysoxylum spectabile examined in 
this study. 

The specimens listed are of flowering material only (a complete list is available from the authors): AK 
(Auckland Institute and Museum, NZ); AKU (University of Auckland, NZ); WELT (National Museum of New 
Zealand); WELTU (Victoria University of Wellington, NZ). Collector, date of collection, and location are 

included where available. 

Herbarium No. Collector Date collected Location 

MALE 

AK 27565 K Wood 13 Aug 1960 Halls Res, Huia 

AK 144188 P Hynes 3 July 1951 Waikawhai Park 

AK 132273 DL Knowlton 12 Sept 1942 Smiths Bush 

AK 11364 Herb. Kirk - Auckland 

AK 50701 HE Powell 6 June 1948 Purewa Bush Ak 

AK 31837 JS Edwards June 1953 Waiheke Is 

AK 213026 JL Barton 5 June 1960 Piccadilly Rd Kaikohe 

AK 213027 JL Barton 11 May 1960 Waimatenui State Forest Tutamoe 

AK 126815 RC Cooper 8 June 1966 Waipu Gorge Whangarei 

AK 150638 AE Wright 25 May 1979 Fanal Is Mokohinau Gp 

AK 127541 F Shakespear 1900-1902 Little Barrier Is 

AK 109119 ED Smith 1892-1910 Little Barrier Is 

AK 118088 ED Smith 1892-1910 Little Barrier Is 

AK 104240 - 7 July 1909 Te Aroha 

AK 104234 J Adams - Thames 

AK 123109 RC Cooper 11 May 1965 Katikati Tuahu Head 

AK 126839 RC Cooper 3 July 1966 Makau Pa Waitomo 

AK 143110 AE Wright 27 May 1977 Abel Head Farewell Spit 

AK 142240 AE Orchard 16 July 1977 M'more Hosp Otahuhu 

AK 229853 TF Cheeseman June 1883 Orakei 

AK 5051 TF Cheeseman June 1883 Orakei 

AK 229855 TF Cheeseman June 1883 Orakei 

AKU 011380 EK Cameron 3 June 1974 Exhib Dr Titirangi 

AKU 011275 Ball May 1885 Titirangi 

AKU 018973 JM Moss 27 April 1985 Whangaripo Valley 

WELT 63821a Banks & Solander 1833 [sic] New Zealand 

WELT 29794 D Petrie 1904 Mt Eden Auckland 

WELT 29802 D Petrie 1920 Mt Eden Auckland 

WELT 29803 D Petrie 1908 Waiwera Auckland 

WELT 29804 D Petrie 1909 Waiwera Auckland 

WELT 29800 T Kirk - Auckland 

WELT 29801 T Kirk - Auckland 

WELT 29796 T Kirk - Auckland 

WELT 58016a J Buchanan - Kawau Auckland 

WELT 77425 JA McMahon 1926 Double Bay 

WELT 39404 WRB Oliver - Waikanae Wellington 
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Herbarium No. Collector 

ELT 62762 B Ending 

WELTU 18267 J McClean 

WELTU 3673 GM Auther 

FEMALE 

AK 215526 AE Esler et al. 

AK 208597 AJ Dakin 

AKU 018978 AM McCarrison 

AKU 007870 AG Simpson 

WELT 63821b Banks & Solander 

WELTU 3672 JA Hay 

WELTU 3676 DA Franklin 

Date collected Location 

1972 Waikanae Wellington 

1962 Maungaroa 

1948 New Plymouth 

29 June 1978 Cornwall Park 

11 June 1973 Kirks Bush Papakura 

9 May 1985 Tram Valley Rd Swanson 

Aug 1961 Bot. Garden Wellington 

New Zealand 

1949 Wellington 

1957 Waikanae Wellington 
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Three new species of Rosulabryum (Bryopsida, 
Bryaceae) from Australia 

John R. Spence and Helen P. Ramsay 

Abstract 

Spence, J.R.1 and Ramsay, H.P.2 0National Park Service, Glen Canyon National Recreation Area, P.O. Box 
1507, Page, AZ 86040 USA, 2National Herbarium of New South Wales, Mrs Macquaries Road, Royal 
Botanic Gardens, Sydney, NSW 2000, Australia) 1999. Three new species of Rosulabryum (Bryopsida, 
Bryaceae) from Australia. Telopea 8(3): 325-335. Three species are described as new: Rosulabryum 

epiphyticum, a corticolous or epiphytic species from NSW and Queensland, Rosulabryum 

queenslandicum, a diminutive species on dryish soil banks in central Queensland and the 

Northern Territory, and Rosulabryum lamingtonicum which occurs in the high elevation forests 

of the Atherton Tableland, north Queensland, and the Lamington Plateau, McPherson Range, on 

the New South Wales-Queensland border. Distributional notes and a key to all species of the genus 

in Australasia are provided. 

Introduction 

The genus Rosulabryum was described by Spence (1996) for the species of Bryum in 
sections Capillaria and Rosulata (cf. Ochi 1992). In that paper, Spence transferred eleven 

Australasian species to the new genus and 43 species were listed as belonging to 
Rosulabryum from other regions. More recently, we (Spence & Ramsay unpublished 
data) have suggested that, worldwide, the genus is more species-rich than previously 
thought, with at least 70 species currently known. 

Ochi (1970) recognised six species in Bryum sections Capillaria and Rosulata from 
Australasia, while Syed (1973) and Mohamed (1979) recognised a few additional 

species. Collecting since 1970 has added several species to the list. Prior to work for 
the Flora of Australia, 12 described species were listed for the region (Streimann 
& Curnow 1989). However, during the course of recent field work in New South Wales 

and Queensland, many new collections have been made that we have been unable to 
assign to known species. In this paper we describe three new species of Rosulabryum 
based on these collections. Following the descriptions, we provide a key to all 
15 species in Australasia, and discuss distributional patterns. 

The characteristics of the genus Rosulabryum are: plants usually rosulate, densely 

radiculose with coloured papillose rhizoids, capsules with unreduced peristomes with 
minor differences in the endostome, generally ovate to obovate leaves with serrate 

margins, rhizoidal tubers and, in some species, filiform gemmae in leaf axils. Three 

new species are described here. 

Taxonomy 

1. Rosulabryum epiphyticum j.R. Spence & H.P. Ramsay, sp. nov. 

R capillarl affinis. Caules elongati foliis aequidistantibus; folia ovata vel obovata, 
distaliter subtiliter serrulata, immarginata, costa percurrenti vel brevissima excurrenti; 

gemmae foliorum filiformes, axillares in caulibus sterilibus. 
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Type: New South Wales: epiphytic on orchids in pots at Macquarie University, 
originally from Port Macquarie area. North Coast (31°27'S, 152°55'E), A.]. Downing s.n., 
8 Aug 1991 (holo BRI; iso NSW). 

Dioicous. Plants green, becoming golden-brown with age, sparingly branched by 
subfloral innovations, sparsely tomentose; stems short, 5-15 mm long, with 
equidistant leaves, not rosulate; rhizoids pale brown to orange-brown, coarsely 
papillose; leaves bright green, becoming golden with age, 1-2 mm long, ovate to 

obovate, border lacking or weak, with a single layer of thick-walled elongate, narrow 
cells, margins entire to slightly serrulate in upper part, plane, upper-middle lamina 
cells rhomboidal, 35-90 pm long by 10-20 pm wide (3-4:1), becoming longer (to 
100 pm) and regularly rectangular below, innovation leaves similar although 

somewhat smaller; costa brown, percurrent to shortly excurrent as a stout short (to 
150 pm) point, often somewhat toothed, in cross-section showing a strong dorsal 
stereid band and guide cells. Perichaetial leaves smaller, inner leaves slender ovate- 
lanceolate to triangular, serrulate above, margins revolute, perigonial leaves more 
oblong with costa failing below apex. Gemmae filiform, mostly unbranched, present in 
axils of upper leaves on sterile stems, brownish, coarsely papillose; rhizoidal tubers 
occasionally present on long rhizoids in substratum, dark reddish-brown, spherical, 
200-250 pm wide, cells 12-25 pm across, walls not protuberant. Seta 2-2.5 cm long; 
capsule inclined to nutant, 2-3 mm long, brown, narrowly clavate to cylindric, mouth 

broad; peristome double, exostome teeth 16, lanceolate, 350-400 pm, trabeculate; 
endostome with high basal membrane (200-250 pm), segments 16, papillose narrowly 
split, cilia 2, appendiculate. Spores smooth, 12-15 pm wide. Chromosome number 
n=ll (fide Ramsay & Spence 1996). (Fig. 1). 

Derivation of epithet: this is the only known species of Rosulabryum that can occur as 
a true epiphyte on twigs or branches, although it may also be corticolous and is 
sometimes found on rocks. 

Habitat: a rare epiphyte on tree and shrub twigs or orchid roots, sometimes 
corticolous or on rocks in subtropical to tropical rainforest. 

Distribution: occurs in rainforest along the coastal ranges from northern New South 
Wales to north-east Queensland. 

Other specimens examined: Queensland: Downey Creek, Innisfail, Stone 24701, 19 Sep 1987 

(MELU); Rifle Bird Creek, Binna Burra, Stone 12919,12 June 1975 (MELU); Expedition Range, Stone 
21181,8 Aug 1983 (MELU); Mt Haig, Stone 22260, 5 July 1987 (MELU); Pease's Lookout, Eungella 

N.P., Stone 12505,6 June 1975 (MELU); Mt Nebo, Stone 13130,14 May 1978 (MELU); Stairway Falls, 
Lamlngton N.P., Stone 11998, 26 Oct 1976 (MELU). 

Note: a distinctive species with a habitat unique for Rosulabryum. The elongate stems 

with ovate leaves, costa percurrent or very shortly excurrent, filiform gemmae in leaf 
axils and epiphytic habit are diagnostic. 

2. Rosulabryum queenslandicum /.R. Spence & H.P. Ramsay, sp. nov. 

R capillari affinis. Plantae minutae caulibus sub 5 mm longis; folia sub 1 mm longa, 

obovata vel ovata, distaliter subtiliter serrulata, immarginata, costa percurrenti vel 
brevissime excurrenti punctum crassum formanti; tuberae rhizoidales praesentes, 
100-200 pm latae, ferruginae. 

Type: Queensland: on dry shaded soil bank along track to Aljon Falls, Carnarvon 
Gorge National Park (25°02’S, 148°10'E), J.R. Spence 5167, 2 Jan 1993 (holo BRI). 

Dioicous. Plants small, bright green shoots sometimes mixed with other mosses; stems 
short, <5 mm long, unbranched, or with a few subfloral innovations, often leafy 

throughout, sparsely tomentose; rhizoids pale brown, papillose; leaves crowded into a 
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Fig. 1. Rosulabryum epiphyticum. a, habits (dry); b, habit with sporophyte attached (wet); c, leaf; 

d, leaf apical cells; e, transverse section of leaf; f, midleaf cells; g, basal cells; h, peristome; 

i, filamentous gemmae; j, gemma - rhizoidal tuber (from Downing s.n). Scale bars: a-c = 1 mm; 

d, f-j = 100 pm; e = 400 pm. 
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rosette on fertile stems, reduced in size below, sterile innovations with leaves arranged 
equidistant along stem; leaves narrowly ovate to obovate, 0.5-1.5 mm long, 

unbordered, contorted when dry, erect-spreading when wet, margins plane 
throughout, upper margins entire or rarely finely serrulate; upper and middle lamina 
cells irregularly rhomboidal, 35-50 pm long and 12-18 pm wide (2-3:1), becoming 

more rectangular and longer below; costa variable, not reaching apex to shortly 
percurrent in a stout mucro, apiculus present if costa not excurrent, golden-brown, in 

cross-section with strong dorsal stereid band and guide cells; perigonial and perichaetial 
leaves crowded, inner leaves smaller than outer leaves, ovate-lanceolate to triangular, 

with strongly bordered margins, serrulate above, innermost leaves very small, broadly 
ovate to obovate; costa failing below apex. Gemmae as small irregularly spherical 

rhizoidal tubers often present on long rhizoids in substratum, reddish-brown or 

orange-brown, darker than rhizoids, 50-150 pm wide, cells 25-50 pm across; 
filamentous gemmae not present. Seta short, 5-8 mm long; capsule cylindric, 

brownish, 2 mm long, wide at mouth; peristome double, well-developed; exostome 
teeth pale-golden, 300-350 pm long, finely papillose above, reticulate below, strongly 

bordered and trabecullate; endostome with high basal membrane, 250 pm, segments 
narrowly split, cilia 2-3, appendiculate; exothecial cells quadrate above, 12-25 pm 

wide, becoming irregularly elongate below, 45-100 pm long by 7-20 pm wide, walls 
thick and sinuose. Spores finely papillose, 8-13 pm wide. Chromosome number 
unknown. (Fig. 2). 

Derivation of epithet: the name reflects the location of the type collection. 

Habitat: shaded soil on earth bank. 

Distribution: this species is known from the type locality, two other sites in 
Queensland and one from the Northern Territory. 

Other specimens examined: Queensland: Mt Nebo, Stone 13132,14 May 1978 (MELU); Blackdown, 
Stone 20226, 27 July 1982 (MELU). 

Northern Territory: 3.2 km NE of Mt Zeil trig, Beauglehole 27344, 20 July 1968 (MEL). 

Notes: R. (jueenslandicum should prove to be more widespread because its habitat is 
widespread west of the Great Dividing Range in Queensland. Superficially, it looks 

like a member of Bryum section Erythrocarpa. However, it can be distinguished from 

species in that group that might occur in similar habitats, e.g. Bryum radiculosutn, by a 
variety of characters. Prominent among these are the leaf shape and margins, and the 

capsule shape. R. queenslandicum has mostly ovate to obovate, more or less entire 
leaves, a plane border, and an elongate cylindrical capsule with a wide mouth. Bryum 
radiculosum and its allies have ovate-lanceolate leaves, serrate upper leaf margins, 
strongly re volute borders, and pyriform capsules with mouths narrower than the urn. 

3. Rosulabryum lamingtonicum J.R. Spence & H.P. Ramsay, sp. nov. 

Plantae parvae; folia rosulata obovata in sicco contorta, costa apicem non attingenti vel 

percuirenti apiculo parvo incolorata plerumque praesanti; caules steriles elongati 

foliis aequidistantibus; folia caulina a foliis rosulatis valde differentia, decurrentia, 
ovata vel obovata, costa apicem non attingenti, margine valde serrato dentibus ad 
angulum circa 90° patentibus. 

Type: Queensland: Cedar Creek N.P., Tambourine Mtn (27°54'S, 153°11'E), A Mertens 
3,16 Oct 1988 (holo BRI; iso NSW). 

Dioicous. Plants small, older shoots dark green, younger shoots bright green, stems 

5-10 mm long, sparingly rhizomatous, unbranched or sparsely branched by subfloral 

innovations, with dimorphic leaves; rhizoids reddish-brown, finely papillose; rosette 
leaves dark olive-green with red tints, narrowly obovate to spathulate, contorted when 
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Fig. 2. Rosulabryum queenslandicum. a, habit with sporophyte attached (dry); b, leaf; c, leaf apical 

cells; d, transverse section of leaf; e, gemma — rhizoidal tuber; f, midleaf cells; g, basal cells; 

h, peristome (from Spence 5167). Scale bars: a, b = 1 mm; c, e-h = 100 pm; d = 400 pm. 
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dry or often spreading and flattened, spreading when wet, not decurrent, strongly 
carinate, 2-3 mm long, costa strong at base, rapidly narrowing above and not reaching 
apex to percurrent or shortly excurrent as mucro, colourless above, reddish below, 
small apiculus often present, upper-middle lamina cells irregularly rhomboidal, 45-75 
pm long, 12-20 pm wide (2-3:1), becoming longer and more rectangular below, border 

absent or weakly developed below; teeth large, colourless, confined to upper half of 
lamina, giving a hyaline-margin to upper lamina; sterile innovation leaves bright green, 
equidistant, not rosulate, broadly ovate to obovate, 1-2 mm long, decurrent; costa not 
reaching apex, colourless, margin strongly serrate with clear teeth sometimes reaching 
leaf base, teeth often at right angles to border, lamina cells same as in rosette leaves; 
costa cross-section showing strong dorsal stereid band and guide cells. Gemmae 
filamentous, in small clumps, short, mostly unbranched with almost smooth walls; 
rhizoidal tubers red-brown, highly variable, irregularly on rhizoids 100-500 pm. Inner 
perigonial leaves smaller than outer leaves, broadly ovate, apiculate. Perichaetial leaves 
narrower. Seta long, exserted 1.8-2.0 cm; capsule clavate to pyriform, somewhat 
inclined; operculum conic; peristome double, exostome teeth 16, irregularly striate on 
outer surface, short lamellae on inner face, teeth tapering to a hyaline apex; endostome 

segments 16, almost as long as the teeth on high basal membrane, papillose; cilia 3, 
appendiculate. Spores 15-25 pm wide. Chromosome number unknown. (Fig. 3). 

Derivation of epithet: this species is named for the Lamington Plateau where the first 
author observed and collected it. 

Habitat: corticolous on bases of trees, including tree-ferns and tall old eucalypts, on 
fallen logs and soil. 

Distribution: the species occurs in the upper elevations of the New South 

Wales-Queensland border ranges and on the Atherton Tableland. It is most common 
on the outskirts of Nothofagus moorei-tree-fern forests of the McPherson Range on the 

Lamington Plateau, extending along paths into drier Eucalyptus forest. It is found on 
soil or rocks and on the bases of old Eucalyptus trunks. 

Other specimens examined: Queensland: Cook: near turn-off to Millaa Millaa Falls, Ramsay 255, 

5 Oct 1985 (NSW); on semi-exposed boulder, Tinaroo perimeter road, Danbulla S.F., 23 kmSE of 

Mareeba, Streimann 57742,25 Oct 1995 (CANB); on trunk of large Eucalyptus, Hugh Nelson Range, 

Streimann 29375,25 June 1984 (CANB); cave entrance, Downey Creek, Innisfail, Stone 24739,20 Sep 

198/ (MELU). Moreton: on rotting log in small clearing in beech forest, west side of Mt Hobwee, 

Lamington Plateau, Spence 5191a, 4 Jan 1993 (NSW); on rotting tree-fern hunk, junction of track to 

Mt Hobwee, Lamington Plateau (1000 m), Spence 5192, 4 Jan 1993 (BR1); St Lucia, Brisbane, Stone 
13122,4 May 1978; Cedar Creek N.P., Tambourine Mtn, Mertens s.n., 25 Sep 1988 (BRI); on path in 

Eucalyptus forest, Cedar Creek N.P., Tambourine Mtn, Mertens 2a, 16 Oct 1988 (BRI); Cedar Creek 
N.P., Tambourine Mtn, Mertens 4, 30 Oct 1988 (BRI), 

New South Wales: North Coast: Gibbergunyah Reserve, Whian Whian State Forest, Stone 13591, 
30 May 1975 (MELU). 

Notes: the narrowly obovate or spathulate, keeled and strongly serrate leaves are very 
similar to those of R. subfasciculatum but the serrations are more distinct and extend to 

midleaf in R. lamingtonicum. The rhizoidal gemmae are red to orange-red in 
R. subfasciculatum but brownish in R. lamingtonicum. Overall, the small size and 

rosulate fertile stems suggest an affinity with R. capillare, or one of its Australian 
relatives, such as R. leptotlirix, while the filamentous gemmae suggest a relationship to 
R. albolimbatum or R. epiphyticum. 
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Fig. 3. Rosulabryum lamingtonicum. a, habit, with sporophyte (left) and sterile (right) (dry); 

b, sporophyte with operculum; c, sporophyte showing peristome; d, leaf; e, leaf apical cells; 

f, transverse section of leaf; g, midleaf cells; h, basal cells; i, filamentous gemmae; j, gemma — 

rhizoidal tuber; k, peristome (a-c, j-k from Mertens 3, d-i from Spence 5192). 
Scale bars: a-d = 1 mm; e, g-k =100 pm; f = 400 pm. 
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Key to the Australasian species of Rosulabryum 

1 Filiform gemmae usually present in leaf axils of sterile stems . 2 

1* Filiform gemmae absent or only rarely present . 4 

2 Stems elongate with equidistant leaves, not rosulate; leaves ovate, upper margins 
serrulate or entire, costa percurrent or short-excurrent as mucro; epiphytic or 
corticolous.. R.epiphyticum 

2* Stems short and rosulate, or if elongate then leaves strongly and coarsely serrate; 
leaves obovate, margins distinctly serrate, costa variable, not reaching apex to strongly 
excurrent; on soil, rock or decaying wood . 3 

3 Leaves strongly keeled, narrowly ovate to spathulate, sharply serrate from apex to 
midleaf, filamentous gemmae with ± smooth walls . R. lamingtonicum 

3* Leaves flat when wet, broadly obovate , serrate near apex, filamentous gemmae 
coarsely papillose . R. albolimbatum 

4 Lamina cells elongate (6-8:1), to 125 pm long; rhizoidal tubers present, flattened, with 
strongly protuberant walls. R. tuberosum 

4* Lamina cells mostly shorter and/or broader 2-4:1 generally <80 pm long, tubers 
mostly spherical with cell walls not protuberant, or tubers absent. 5 

5 Synoicous, rarely dioicous. Leaves contorted when dry, only rarely spirally twisted 
around stem; tubers bright orange or crimson . R. torquescens 

5* Dioicous. Leaves variously contorted, spirally twisted or imbricate when dry; tubers 
various colours, not bright orange or crimson . 6 

6 Leaves mostly <3 mm long, sometimes spirally twisted around stem, tubers <300 pm 
wide if present. 7 

6* Leaves larger, 4-10 mm long or more, contorted but not spirally twisted around stem, 
or sometimes imbricate; tubers large, mostly >500 pm wide . 11 

/ Stems very short (<1 cm long). Leaves very small (<1 mm long), rosulate, ovate, border 

weak or absent above; rhizoidal tubers small (<100 pm), reddish-brown, irregularly 
spherical, elliptic or pyriform . R. queenslandicum 

7 Stems longer (usually >1 cm or more). Leaves larger (1-3 mm), obovate or if ovate 

then upper lamina cells elongate (4-5:1); rosulate or not; tubers >100 pm and mostly 
spherical . g 

8 Leaves keeled, narrowly ovate-lanceolate or spathulate, not rosulate except for 
perigonial and perichaetial buds; margins distinctly serrate in upper half of leaf; 
rhizoidal tubers small, brownish . r. lamingtonicum 

8* Leaves flat, not keeled or if so margins mostly entire, obovate to ovate, margins 
serrate to almost entire, teeth only in upper third of leaf, rhizoidal tubers red, 
crimson to orange red . 9 

9 Leaves narrowly ovate and acuminate, somewhat keeled near apex, margins mostly 

entire, upper lamina cells elongate and sublinear (4—5:1); tubers red to orange . 

. R. leptothrix 

) Leaves acute, ovate to obovate, upper margins generally serrulate to serrate; upper 
lamina cells short and broad (2-4:1); tubers red, crimson or red-brown . 10 
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10 Tubers red-brown, same colour as rhizoids; leaves distinctly spirally twisted; capsules 
mostly brownish, generally horizontal or suberect; inner peristome apex gradually 

acuminate into projection . R. capillare 

10* Tubers bright red or crimson; leaves contorted but rarely spirally twisted; capsules 
often bright red, nutant; inner peristome apex rounded and abruptly apiculate .... 
. R. torquescens 

11 Leaves appressed to stem, imbricate, not much contorted when dry, concave; upper 
and middle lamina cell walls firm to distinctly incrassate; tubers mostly lacking .. 
. 12 

11* Leaves variously contorted when dry, not imbricate, generally not concave; upper 
and middle lamina cells thin to firm walled but rarely incrassate; tubers generally 

present .,. 14 

12 Upper leaf margins with extremely wide border (>4 layers), finely crenulate; rhizoidal 

tubers present (New Zealand Subantarctic Is.). R. perlimbatum 

12* Upper leaf margins with narrow border or border almost absent, distinctly serrate; 

rhizoidal tubers absent . 13 

13 Plants golden or brown-green; hairpoint long, straight, golden-brown . 
. R. campylothecium 

13* Plants red-green; hairpoint very short as a recurved mucro .R. microrhodon 

14 Stems distinctly rosulate; lower leaves smaller than upper leaves .15 

14* Stems elongate, not distinctly rosulate with equidistant leaves, occasionally crowded 

and enlarged at apex.16 

15 Upper leaf border very wide (>4 layers), strong, often hyaline; leaves mostly 

elongate-spathulate; seta usually (>80% of sporophytes) hooked at capsule base 
. R. subtomentosum 

15* Upper leaf border narrow (1-3 layers), not hyaline, often indistinct; leaves mostly 

obovate; seta rarely (<20%) hooked at base of capsule . R. billardierei 

16 Plants with strongly keeled leaves wet or dry, elongate, ovate-lanceolate to spathulate 
. R. subfasciculatum 

16* Plants with flat non-keeled leaves, broadly ovate to ovate. 17 

17 Upper leaf border wide (>4 layers), often hyaline; leaves elongate-spathulate; 
gametangia not conspicuously enlarged; old leaves and stems often blackish; capsule 

mouth straight; tubers present. R. subtomentosum 

17* Upper leaf border narrow (1-2 layers), often indistinct, never hyaline; leaves broadly- 

ovate; gametangia conspicuously enlarged; plants remaining green or brown-green; 

capsule mouth oblique; tubers absent . R. wightii 

Distributions and ecology 

Recent work (this paper, Spence & Ramsay 1996 a, b) has shown that the genus 
Rosulabryum is quite diverse in Australasia. Syed (1973) and Mohamed (1979) 

recognised nine species (in the Bryum sections Capillaria and Rosulata, now 
Rosulabryum) from the region. Ochi and Streimann (1987) added Bryum wightii (= R. 
wightii), and Spence and Ramsay (1996b) added R. subtomentosum. One species, Bryum 
chrysophyllum, was also included based on a collection from Queensland (Ochi & 
Streimann 1987), but Mohamed (1979) had already pointed out that it was 
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indistinguishable from Bryum subfasciculcitum, a decision with which we agree. Finally, 
the recently described R. tuberosum was added (Spence & Ramsay 1996a), based on 
collections from Queensland. 

In Australia there are three species of Rosulabryum that produce filamentous gemmae, 
two species being newly described here. They can be readily distinguished from each 

other. R. albolimbatum has gemmae that are light to dark red-brown, darker than the 
rhizoids, often short (10 cells) and single or branched with coarsely papillose walls 
that are distinct from the other two species. The gemmae of R. lamingtonicum are paler 
than rhizoids and have almost smooth walls, whilst those in R. epiphi/ticum have 
strongly but finely papillose walls, are paler than the rhizoids, often longer (20 cells) 
and rarely branched compared with R. albolimbatum. The third new species, 

R. queenslandicum, does not have filamentous gemmae but produces rhizoidal tubers. 
Both R. epiphyticum and R. lamingtonicum also produce rhizoidal tubers. 

With the three new species described here, the total of species in Australasia increases 
to 15. Rosulabryum perlimbatum is restricted to the New Zealand subantarctic islands. 

Of the remaining 14, five are endemic to Australia: R.epiphyticum, R. queenslandicum, 
R. lamingtonicum, R. albolimbatum, and R. leptothrix. Rosulabryum microrhodon, originally 

thought to be endemic to Tasmania, is also known from north-west South Island, New 
Zealand, based on a single collection (Spence & Ramsay, unpublished data). Another 
two species, R. subfasciculatum and R. tuberosum, are predominantly tropical in 
distribution, with the former being Australian—New Caledonian and the later 

Australian-south-east Asian. Two species, R. capillare and R. torquescens, are 
temperate-cosmopolitan, while another two species, R. billardierei and 

R. campylothecium, are temperate to subtropical in the southern hemisphere. 
Rosulabryum subtomentosum is a widespread Australasian temperate species. The most 
unusual disjunct distribution is shown by R. wightii, which is found in the high 
elevation ranges bordering eastern Australia and in southern India. 

Of the 15 species recognized from Australasia, 14 are found in Australia. It is likely that 
these 14 species may not represent all species of Rosulabryum in Australia, and that 
further collecting in remote under-collected areas will reveal additional species new to 
science. The present distribution for each of the three new species described here is 
also likely to be extended. Future field work in the wide variety of habitats of the vast 

region extending from Cape York to New South Wales, west of the Dividing Ranges, 
might also result in the discovery of additional species of Rosulabryum. 
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The identity of Lepidium peregrinum 
(Brassicaceae), an endangered Australian 

plant species 

N.H. Scarlett 

Abstract 

Scarlett, N.H. (Department of Botany, La Trobe University, Bundoora, Victoria 3083, Australia) 1999. 
The identity of Lepidium peregrinum (Brassicaceae), an endangered Australian plant species. Telopea 

8(3): 337-350. Rediscovery of the presumed extinct Lepidium peregrinum in northern New South 

Wales has allowed its morphology and diagnostic characters to be described more fully than 

hitherto. Its relationship to its close relatives is clarified and a key provided. Its original range, 

habitat, occurrence in Europe as a wool-alien and conservation status are also discussed. 

Introduction 

In March 1990 the author located a puzzling population of Lepidium on the banks of 

Tenterfield Creek at Clifton in northern New South Wales. The tall, bushy plants 

conformed closely to descriptions of the presumed extinct Lepidium peregrinum Thell. 

(Briggs & Leigh 1996), having lanceolate leaves with serrate to serrulate margins and 

elliptical to ovate siliculae shorter than the arcuate, abaxially vestured pedicels 

(Thellung 1913a, Hewson 1982a). However, the branch-subtending, mid-cauline 

leaves of the Clifton collections were clearly auriculate to sagittate at their bases, 

whereas both Thellung and Hewson described the leaves of L. peregrinum as attenuate- 

based. Furthermore, the author did not note any auriculate-based leaves when 

examining Thellung's type in 1987. Surprisingly, a re-examination of the type showed 

that the few mid-cauline leaves present certainly have auriculate-sagittate bases, 

somewhat obscured by pressing and drying (McKean, in litt. 1990). Further 

comparison of the Clifton material with the type finally confirmed the initial tentative 

determination and thus the distinctness of this enigmatic species. The Clifton 

population is the only stand of the species currently known to survive. 

Remarkably, Lepidium peregrinum was first discovered as an adventive wool-alien in 

the British Isles. Dr A. Thellung described the species from a specimen collected in 

1910 by Miss Ida M. Hayward at Galafoot near Galashiels, south of Edinburgh in the 

Scottish border country. Further details were published in The Adventive Flora of 
Tweedside (Hayward & Druce 1919): 'On overhanging bank amid native herbage and 

on river shingle on the Gala at its junction with the Tweed, Flowering August to 

September. Rare. Exhibited at the Linnean Society April 2, 1914'. It seems that the 

plants persisted at Galafoot for at least three years, as a note on the type sheet, 

presumably by Hayward, states 'Several plants flowered 1913'. The seed which 

produced this remarkable colony undoubtedly came from the tweed mills of 

Galashiels, a prolific source of adventive wool-aliens in the latter half of the nineteenth 

century: 'At that time, fleeces were brought to the Scottish border country from all 

over the world; from the outback of Australia, from the pampas of Argentina, from the 

Cape of South Africa and from the Mediterranean coasts of North Africa. Tangled up 

in the wool were all manner of seeds, which, after combing and washing, found their 

way into the waters of the River Tweed' (Crawley 1989). 
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Fig. l. Holotype of Lepidium peregrinum. 

idiimg s choice of Australia as the ultimate origin of L. peregrinum (planta peregrina, 
verisimillime ex Australia oriunda) was based on its affinities with other Australian 

members of his 'grex Pseudo-Ruderalia’ (see Hewson 1982a), particularly 

,, Pseuci°hyssopifolium Hewson, which he cites as L. hyssopifolium Desv. emend. DC. 

AM^%ier/ TKCWS°n (1982a) suggested that L Peregrinum may be an introduction to 
Australia. Tins question is discussed later in this paper. 

Jpit Tu°f L PereSrim"n consists of only one forked upper branch in flower and fruit, 
(Hg. 1) thus the morphology of rosette and lower cauline leaves was not included in 

rWriSP °r(iral de.SCription- Furthermore, both Thellung's and Hewson's 
descriptions of the species require some emendations which are discussed after the 

avaSh£°f? Sir.bel°W|, Diagnostic comments are based only on the characters 
xln L 1 fr°m ,he type collection which confirm the Clifton population as L. peregrinum. 
L nerpJrhiu^ ° 1°^ LT LOmParison °f tFe diagnostic and sub-diagnostic characters of 
L. peregrinum and its close relatives in section Dileptium (Raf.) DC. 
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Taxonomy 

Lepidium peregrinum Thell. in Druce, Bot. Exch. Club Br. Isl. Rep. 1912 3(3):153, 
t.9 (1913), Feddes Repert. 13:79 (1913); Hayward & Druce, Advent. FI. Tiveedside 32, t.9 

(1919); (e descriptione) Schultz in Ascherson & Graebner, Sun. mitteleur. Ft. 5(4): 223 
(1938). 

Type: Scotland: Galafoot, Galashiels, I.M. Hayward s.n., 1910 (holo E!) Fig. 1. 

Lepidium hyssopifolium auct. non Desv. (1814), Schultz in Ascherson & Graebner, Sun. 
mitteleur. FI. 5(4): 223 (1938). 

Perennial herb to sub-shrub, usually 10-80 cm tall, sometimes ascending to 2 m in 
surrounding vegetation. Stems erect to decumbent, slightly angular and ridged, 

glabrous or rarely sparsely vestured with blunt peg-like hairs. Rosette and lower 
cauline leaves variably petiolate, the lamina pinnatifid with a large broad-lanceolate 
terminal lobe, vestured with long-acicular hairs on the upper surface and margins, the 
distal margins serrate (60—100 mm long, 15—25 mm wide). Mid-cauline leaves 
lanceolate and broadly petiolate, the serrate to serrulate margins with numerous 
tooth-like hairs; branch-subtending leaves with auriculate to sagittate bases at the 
point of leaf insertion (Fig. 2), sessile to subsessile (40-90 mm long, 4-9 mm wide). 

Fig. 2. Mid-cauline leaf of Lepidium peregrinum showing 
auriculate/sagittate base (x 12) (from Holotype). 
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Fig. 3. Lepidium peregrinum. a, upper branch (x 0.5); b, adaxial detail of late mature flowers, adaxial 

sepal removed in lower flower (x 15); c, adaxial view of immature fruit (x 10); d, adaxial view of 

mature fruit (x 10); e, lateral view of mature fruit (x 10); f, seed (x 15) (from Scarlett 90-59). 
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Fig. 4. Lepidium peregrinum. a, early caulescent seedling, showing rosette (x 0.5); b, rosette leaf 
(x 0.5) (from cultivated material from the Clifton population). 

Upper cauline leaves narrow-lanceolate to linear, often with entire margins with 
sparse tooth-like hairs, the bases usually attenuate at the point of leaf insertion 

(10-20 mm long, 1-1.5 mm wide). Inflorescences initially corymbose, elongating 
c uring flowering to a maximum of 20 cm. Branch-terminal racemes often appearing 
Lateral and leaf-opposed, overtopped by a subtending axillary flowering branch. 

Rhachis glabrous to minutely puberulent towards the apex, slightly angular and 

r*c kLL • F owers minute, sepals 0.5—0.75 mm long, the adaxial sepal dorsally villous in 
the upper half, the abaxial sepal glabrous or with 1 or 2 hairs, the lateral pair of sepals 
always glabrous. Petals reduced to absent. Stamens 2, median. Pedicels 3-5 mm long 
at maturity, erecto-patent to sub-declinate and usually arcuate at fruiting, slender and 

sub-terete with a slightly flattened puberulent adaxial surface, 1.3 to 2 times as long as 
the silicula. Sihculae ovate to elliptical 2.0-3.0 mm long, i.5-2.0 mm wide, acutely 

e margin ate with triangular wings forming a V-shaped notch. Styles short, included in 
the notch. Valves green or purple, glabrous. Seeds narrowly ovoid, 1.25-1.5 mm long, 

mni wide, wingless. Cotyledons incumbent. Flowering from January to April 
on current data. (Fig. 3,4). & K 

L. peregrinum is distinguished from L. pseudohyssopifolium Hewson by the adaxially 
puberulent pedicels and the sagittate-auriculate bases of branch-subtending mid- 
cau me eaves at the point of insertion (Fig. 2). It differs from L. pseudotcismcmicum 
men. in the serrate-margined lanceolate mid-cauline leaves, those of the latter species 
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being acutely pinnatifid to entire and dentate-margined, oblanceolate to cuneate. 
L. africanum (Burm. f.) DC., which has serrate-margined mid-cauline leaves similar to 
L. peregrinum, differs in that all leaves are attenuate-based at the point of insertion. 

Specimens examined: Queensland: Darling Downs: Bunya Mtns, Willis s.n,, June 1961 (MEL 

73813). Moreton: Logan River/Tamborine Mtns, Scortechini 412,1883 (MEL 73790). 

New South Wales: Northern Tablelands: near Maryland at tire border of NSW and Qld., Hickey 40, 
Nov 1884 (MEL 73813). North Western Slopes: south bank of Tenterfield Creek, about 1 km south 

of Clifton, and 0.4 km by road north of the Gibraltar Road/Bruxner Hwy Junction, 29°02'50"S 

151°44'00"E, Scarlett 90-51, 90-52, 14 Mar 1990 (CANB 405203, 405201). Seven further field 

collections from the same locality and cultivated material grown from the field collections also 

examined (all held at LTB, duplicates to be distributed to BRI, MEL and NSW). 

Switzerland: Derendingen, Kompost der Kammgamfabr., Probst s.n., 23 Oct 1910 (L 924355832). 

Notes 

1. Leaf form. Seedlings grown from the Clifton population have pinnatifid rosette and 

lower cauline leaves with a large, broad-lanceolate terminal lobe, similar to those of 
L. desvauxii and certain populations of L. pseudohyssopifolium. This leaf form is usually 

termed lyrate-pinnatifid. Cauline leaves of the species vary from lower leaves 
resembling the rosette leaves to very small linear upper leaves with entire margins. 

The reduction in complexity of leaf form toward the stem apex is gradual, and the 
division into lower, middle and upper cauline leaves used in the description is 

indicative only. In general, plants growing in moist conditions develop leaves of more 
complex form higher on the stems, while plants growing in dry conditions may have 

less divided lower cauline leaves. As mentioned in the introduction, the bases of 

branch-subtending mid-cauline leaves are auriculate to sagittate, a feature of the 
species previously overlooked (see Fig. 2). Such bases are not entirely confined to the 
branch-subtending leaves, and may occur elsewhere on the stems. However, the 

branch-subtending leaves are the best reference point when determining specimens. 

This feature is difficult to detect because although the leaves are 'attenuate', in that 
they narrow to a winged petiole, there is a pair of pointed auricles directed toward and 

often around the stem at the point of leaf attachment, sometimes with an extremely 
short stalk adaxially between the auricles and tire stem. The auricles can be quite small 

and are often withered and shrunken in dried material. 

Some populations of L. pseudotasmanicum also have auriculate leaves, a character not 

previously noted for the species (Hewson 1982a, Retter & Harden 1990, Entwisle 
1996). In the case of L. pseudohyssopifolium, an occasional branch-subtending mid- 

cauline leaf may have a slightly flared base at the point of insertion, but auriculate- 

sagittate bases are entirely absent. Descriptions of Lepidium leaves do not always 
clearly distinguish between the mode of leaf attachment as petiolate, attenuate or 

sessile and the shape of the leaf base at or close to the point of insertion, which may be 
attenuate, auriculate or sagittate. Thellung (1906) is clear on this point in some cases, 

as in his description of the South American L. densiflorum Schrad.'... quasi in petiolum 

attenuata (petiola insertione saepe leviter dilatata et semiamplexicaule, sed nunquam 
auriculato) ...'. In other cases his description is difficult to interpret, as in that for 

L. peregrinum: 'Folia caulina lanceolata, utrinque attenuato-acuta', there being no clear 

reference to the point of leaf insertion. 

More recent workers, e.g. Hewson (1982a), when describing leaves as 'attenuate 
based' seem to imply, but do not actually state, that the leaves are also attenuate at the 

point of insertion. In some cases, such as L. peregrinum, this is not so. 

2. Inflorescences. Thellung describes the racemes of L. peregrinum as lateral and leaf- 
opposed (in ramis laterales, folio oppositi,...). In fact, the species has branch-terminal 
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corymbose racemes, as in all other members of the genus (Hewson 1982b, Al-Shehbaz 
1986). However, branch-terminal racemes are frequently rapidly over-topped by a 
leafy, potentially inflorescence-bearing branch, initiated in the axil of the subtending 
leaf. The primary branch-terminal raceme may finally appear to be lateral and leaf- 
opposed due to the further growth of this subtending branch. Further raceme- 

terminated leafy branches may also be initiated basipetally in the axils of leaves below 
the primary raceme-subtending leaf. While the development of apparently lateral 
inflorescences seems to be a constant character in L. peregrinum, it is also found in 

L. pseudohyssopifolium, L. pseudotosmcinicum and L. hyssopifolitlm, particularly in plants 
growing in partial shade. It is not a diagnostic character of L. peregrinum. It is 
interesting to note that Thellung (1919) suggested that the type of L. peregrinum may 
have been a 'shade form' (forma umbrosa). 

3. Siliculae. Thellung describes the siliculae as ovate with the dimensions '2 x lKmm', 
whereas elliptical siliculae 3 mm in length are predominant in the Clifton collections 
(see Fig. 3). However, ovate siliculae only 2.5 mm long occur on shaded plants from 

the Clifton population. Mature siliculae are definitely acutely emarginate, the acutely 
triangular wings forming a V-shaped notch, thus according with Thellung's original 
description, although his statement that the apices of the wings are porrect applies 
only to dried, somewhat immature siliculae. In this respect the descriptions and 
illustrations of the siliculae of L. peregrinum in Hewson (1982a) and Retter and Harden 
(1990) are rather misleading. In fact the siliculae of L. peregrinum differ little from those 
of L. pseudohyssopifolium. 

As pointed out by Ryves (1977), the full range of silicula size and shape is usually 

wider than that given in species' descriptions. Although measurements of siliculae 
should be made at the middle of a fruiting raceme (Garnock-Jones 1988), this rule is 
not always observed, introducing a further source of descriptive variation. 

Key to the section Dileptium (Rafin.) DC. in Australia, modified from 
Hewson (1982a) 

lf Plants with all leaves divided (at least pinnatifid) 

2 Nectariferous glands insignificant, at the base of the petals, shield-shaped . 

. L. bonariense 

2* Nectariferous glands conspicuous, as long as the petals. L. pubescens 

1* Plants with at least the upper stem leaves simple 

3 Petals longer than the sepals.. virginicum 

3* Petals shorter than the sepals or absent 

4 Cauline leaves all or in part auriculate- to sagittate-based at the point of 
insertion 

5 Pedicels glabrous 

6 Inflorescence a corymb, not elongating into a raceme 

.-. L. fasciculatum 

6 Inflorescence finally an elongate raceme 

7 Petals rudimentary, broad; silicula more than 3 mm long . 

. L. hypenantion 

7 Petals rudimentary, narrow; silicula less than 3 mm long. 

. L. sagittulatum++ 

* This key begins at 22* of the key in Hewson (1982a). 

H L sPec'es B sensu Retter and Harden (1990) would key out here. 
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5* Pedicels hairy 

8 Inflorescence axis terminating in a sharp spine. L. aschersonii 

8* Inflorescence axis not terminating in a sharp spine 

9 Pedicels hairy over the whole surface 

10 Stems downy with dense fine patent acicular hairs; rosette and 
lower cauline leaves pinnatifid; cauline leaves glabrous on the 
upper surface. L. hyssopifolium 

10* Stems scabrous with dense, reflexed acicular hairs; rosette leaves 
lyrate-pinnatifid with a large, broad terminal lobe; cauline leaves 
scabrous to pubescent on the upper surface . L. desvauxii 

9* Pedicels hairy only on the adaxial surface 

11 Mid-cauline leaves lanceolate with serrate/serrulate margins; 
rosette and lower cauline leaves lyrate-pinnatifid with a large broad 
terminal lobe. L. peregrinum 

11* Mid-cauline leaves oblanceolate to cuneate, the margins dentate 
with acute, ± patent lobes, often with only a single pair below the 
apex; rosette and lower cauline leaves not lyrate-pinnatifid . 
. L. pseudotasmanicum 

4* All cauline leaves attenuate-based at the point of insertion 

12 Pedicels glabrous, very rarely with scattered hairs 

13 Mid-cauline leaves lanceolate, reducing to linear, sometimes serrate or 
toothed . L. pseudohyssopifolium 

13* Mid-cauline leaves narrow obovate to spathulate, toothed or crenate at 
the apex . L. flexicaule 

12* Pedicels densely hairy 

14 Silicula 4-6 mm long . L. muelleriferdinandfl 

14* Silicula less than 4 mm long 

15 Stigma markedly capitate, exserted from the silicula notch . 
. L. puberulum 

15* Stigma not markedly capitate, included in the silicula notch 

16 Mid-cauline leaves lanceolate with serrate/serrulate margins; 
pedicels arcuate; silicula ovate to obovate;rosette and lower 
cauline leaves simple, very rarely pinnatifid, serrate-margined 
... L. africanum 

16* Mid-cauline leaves oblanceolate to cuneate with dentate margins, 
often with only a single pair of lobes below the apex; pedicels 
erecto-patent; silicula elliptical; rosette and lower cauline leaves 
pinnatifid to lobed or dentate. 

17 Silicula 2-2.25 mm long; pedicels with fine patent hairs 
± equal to the diameter of the pedicel; annual or ephemeral 
herb to 30 cm tall . L. pseudoruderale 

17* Silicula 2.5-3.0 mm long; pedicels with hairs shorter than the 
diameter of the pedicel; perennial herb to 60 cm tall . 
... L. pseudotasmanicum 

fL. ambiguum F. Muell. would key out here, see Hewson (1982a) p. 290. 
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Notes on determination of Dileptium specimens. L. peregrinum has a unique 

combination of characters when compared to closely related species of the section 
Dileptium (see Table 1). While some of the characters cited by Thellung as 
distinguishing it from L. pseudohyssopifoliuiii Hewson [= Thellung's L. hyssopifoliutn 
Desv. emend. DC.] and L. africamim (Burm. f.) DC. [= Thellung's L. divaricatum Soland. 
subsp. linoides (Thunb.) Thell.] cannot be upheld, the more complete material from the 

Clifton population has strengthened the distinctions between these species. If a wider 
range of material had been available to Thellung, it is unlikely that he would have 
mistakenly described a specimen of L. pseudohyssopifolittm Hewson collected by 
Hayward at Galashiels in 1918 as a variety of L. peregrinum (L. peregrinum var. glabripes 
Thell.). He was apparently misled by the small siliculae (2 mm long, 1.75 mm wide) 
and the 'lateral' inflorescences, discounting the glabrous pedicels which are 
characteristic of L. pseudohyssopifolium (Thellung 1919). 

Collections of L. peregrinum, L. pseudotasmanicum and L. africanum which lack rosettes 

and lower to mid-cauline leaves are difficult to separate, even if they are fertile. 
Collections lacking rosette and lower cauline leaves from those populations of 

L. pseudotasmanicum which have auriculate-sagittate based mid-cauline branch¬ 
subtending leaves are particularly difficult to separate from L, peregrinum. The author 

has found that silicula size and shape are too unreliable in these cases. However, the 
lanceolate mid-cauline leaves of L. peregrinum are variably serrate, broadest in the 
middle and evenly tapering to both ends, while those of L. pseudotasmanicum are 

toothed with markedly outwardly curving, sometimes almost patent acute lobes, and 
are broadest in the upper quarter, tapering gradually to the base (Fig. 5). Some leaves 
may be almost cuneate with the ultimate pair of teeth and the acute apex creating a 
trifid appearance. 

Specimens of either species which have only rather reduced mid-cauline leaves can 

usually be separated by the rule that in L. peregrinum the length of the teeth of the leaf 
margins is always less than half of the lamina width at the point of attachment of the 
tooth, whereas in L. pseudotasmanicum there is at least one pair of teeth which is longer 
than half of the lamina width, although some may be shorter. Occasionally, mid- 

cauline leaves of L. peregrinum have two to three reduced leaf-lobes at the base of the 
main lamina which are longer than half the lamina width at that point. These lobes 
could lead to misdetermination if they are not distinguished from the smaller teeth of 

the lamina margins. In L. pseudotasmanicum, the mid-cauline leaves are toothed in the 
upper (distal) part of the lamina. Specimens of either species having only very reduced 
upper-cauline leaves with entire margins cannot be distinguished. In the case of 

L. africanum, fertile specimens with reduced upper-cauline leaves can often be 
distinguished from L peregrinum by the obovate siliculae and more arcuate pedicels 
which are equal to or slightly longer than the silicula (c. 2-3 mm). However these 
characters are not completely reliable. 

Records of L. peregrinum. Although L. peregrinum was never collected again in 
Scotland or elsewhere in Great Britain (Ryves 1977), Probst (1928) recorded it as a 
wool-alien in Switzerland: 'Derend. K.K. 27.', that is 'Derendingen near Solothurn, 

wool-compost at the worsted mill, 1927.' However, this record must be treated with 
caution, since the brief description based on this specimen in Schultz (1938) could 

equally apply to L. pseudotasmanicum. Nevertheless, L. peregrinum certainly did appear 
as a wool-alien in Switzerland. A Probst collection in Leiden (L 924355832) labelled 

'Derendingen, Kompost der Kammgamfabr. 23.10.10 (Austr. Wolle)' is definitely this 
species, though determined, presumably by Thellung, as L. hyssopifolium Desv. 
Schultz's (1938) description of L. hyssopifolium Desv. is derived from this material. 
Most importantly, the wool from which the specimen grew was definitely of 
Australian origin (see also Probst 1914:159). 
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Fig. 5. a-c Lepidium peregrinum. a, mid-cauline leaf showing lobing at the base of the lamina; 

b, unlobed mid-cauline leaf; c, lower cauline leaf; d-f, Lepidium pseudotasmanicum. d, mid-cauline 

leaf with reduced teeth; e, 'tridentate' mid-cauline leaf; f, lower cauline leaf, (a from Scarlett 90-54, 

b, c from cultivated material from the Clifton population, d-f from Scarlett 84-714). 

Scale bar = 10 mm. 

Hewson (1982a) lists two undoubted Australian collections of the species: Hickey 40, 
near Maryland at the border of NSW and Qld, Nov 1884 (MEL 74171) and Huegel s.n., 
Australasia, Montes Corulei [sic], without date (71834) (W). Although both of these 
predate the European collections, Hewson (1982a) speculates that the species may be 
an introduction to Australia, perhaps from South America: 'The assumption that it is 

an Australian endemic and not a more recent introduction is based on a Bauer 
collection, F. Bauer s.n., Nova Hollandia, without date (71802) (W). Unfortunately the 
specimen is juvenile and even generic identification is open to question. Besides, 

scarcity of collections of a species reported as a robust inhabitant of grazing country 
leads one to doubt that it is an Australian endemic.' While the possibility of 

introduction can never be entirely discounted, Thellung, who had an excellent 
knowledge of South American Lepidium species, was certain of its Australian 

taxonomic affinities. While L. peregrinum will key out to the South American L. aletes 
Macbr. in Hitchcock's monograph (1945), this species differs from L. peregrinum in 

having circumferentially hairy pedicels shorter than the siliculae. 
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Fig. 6. Distribution of Lepidium peregrinum showing year of collection. An old record from the Blue 

Mountains of New South Wales but without precise locality is not shown. 

Accepting L. peregrinum as an Australian endemic, it is one of seven Australian 

Lepidium species which have appeared as wool-aliens in Europe: L. fnsciculatum Thell., 
L. monoplocoides F. Muell., L. oxytrichum Sprague, L. papillosum F. Muell., 
L. pseudohyssopifolium Hewson, L. sagittulatum Thell. and, rather dubiously, L. desvauxii 
Thell. (Ryves 1977, Clement 1981, Hewson 1982a). The record for L. pseudoruderale 
Thell. in Ryves (1977) applies to some other species, judging by the characters given in 

the key. L. pseudohyssopifolium and L. monoplocoides are both rare species in Australia, 
indeed L. monoplocoides is endangered, yet both have been transported to Europe in 
wool. Even more remarkably, L. monoplocoides was collected on river shingle at 
Galashiels (Ryves 1977: leg. O.M. Stewart, Sep 1977), a repeat of the equally unlikely 
appearance of L. peregrinum 67 years earlier! 

On current data, L. peregrinum occurs only at Clifton in northern New South Wales. 
Two further collections of the species from Queensland were located in MEL, 
previously determined as L. pseudotasmanicum: Bunya Mtns, Willis s.n., Jun 1961 (MEL 

73813) and Logan River/Tamborine Mountains, Scortechini 412, 1883 (MEL 73790) 
(Fig. 6). While the relatively recent Willis collection suggests it may persist in southern 
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Queensland, the author failed to locate further stands of the species between Clifton 
and Maryland in the New South Wales-Queensland border areas in 1990. On the 

southern Darling Downs in Queensland only L. pseudohyssopifolium and the weedy 
L. africanum and L. bonariense were found. Recent vegetation surveys of the New 
England Tablelands (McIntyre et al. 1993) and the Darling Downs and Bunya 
Mountains (Fensham 1998 and pers. comm.; Fensham and Fairfax 1996) have found 

only L. pseudotastnanicum, L. bonariense and L. africanum. The Bunya Mountains site 
was searched in November 1998, but the species was not found (R. Fensham, pers. 
comm.). The northwest Victorian Lepidium collections regarded by Scarlett and 
Parsons (1989) as possibly forms of L. peregrinum are from the rare populations of 
L. pseudohyssopifolium which have sparse hairs on the pedicels, differing diagnostically 
from L. peregrinum in the absence of auriculate-sagittate leaf bases. 

While further field searches are necessary, L. peregrinum is currently an endangered 

species, facing similar threats to the other threatened Lepidium species of grazing 
country: L. aschersonii (V), L. hyssopifolium (E), L. monoplocoides (E) and 
L. pseudopapillosum (V). The correct conservation code for the species is 3E qN 46x, 47x, 
50, 57x using the system of Briggs and Leigh (1996). Briggs and Leigh and ANZECC 
(1998) code it as X (extinct). The Clifton population (< 100 plants) grows on unreserved 
Crown Land. 

Habitat 

At Clifton, L. peregrinum grows in riparian open forest dominated by Eucalyptus 
camaldulensis and Casuarina cunninghamiana with a variably dense shrubby 
understorey of Hymenanthera dentata, Bursaria spinosa, Acacia fimbriata, Acacia 
floribunda, Callistemon viminalis and Leptospermum brachyandrum. L. peregrinum was 
most abundant in the tussock grassland fringe of the riparian open forest (Poa sp. - 
Lomandra longifolia - Paspalum dilatation), with some plants scrambling to a height of 
2 m in thickets of Hymenanthera. It also occurred in shade under shrubs close to the 
creek bank, where most plants were small, c. 30 cm in height. 

Sandy alluvium is the major soil type, with outcropping and water-transported rocks 

and boulders in the shallow braided channels fringing the creek. Sixty-six plants were 
counted within an area of about 1 ha. While there are no habitat notes for the 
Maryland collection, a riparian habitat is most likely. At tire Bunya Mountains locality, 
J.H. Willis' note 'in rainforest/roadside near Mowbullan guesthouse ± 3400 ft' 

suggests colonisation of man-made excavations and vine forest regrowth on rich 
volcanic soil. The 'Tamborine Mtns' collection is likely to have come from a 
similar site. 

In terms of its recorded range, L. peregrinum is a species of upland areas between about 
700 and 1000 m in altitude with a rainfall range of approximately 800 to 1000 mm per 

annum. In the lower altitude, drier part of its historic range it may be confined to 
riparian sites. Its occurrence in a humid to sub-humid climatic zone with uniform or 
summer maximum rainfall incidence is unusual for an indigenous Australian 
Lepidium species. 
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The taxonomic utility of micromorphological 
characters in Australian and New Zealand 

Elymus species (Poaceae) 

S. Wang and M.J. Henwood 

Abstract 

Wang, S. and Henwood M.j. (School of Biological Sciences, Macleay Building A12, The University of 
Sydney, NSW 2006, Australia) 1999. The taxonomic utility of micromorphological characters in Australian 
and Neiv Zealand Elymus species (Poaceae). Telopea 8(3): 351-362. A Scanning Electron Microscopy 

(SEM) survey of rachillas, calluses and paleae of Australian and New Zealand species of Elymus 
revealed a number of taxonomically informative micromorphological characters. Such characters 

included: the indumentum on the rachillas, the shape of the rachilla apices, the shape and 

indumentum of calluses, and the extent to which palea tips extended beyond the flanks. The 

micromorphological characters confirmed the limits of some taxa and, in the case of E. scaber 
(R. Br.) A. Love, indicated some novel groupings within this taxonomically difficult species 

complex. The characters were relatively well correlated with traditional, but often poorly defined, 

numerical characters as they are applied to the E. scaber complex. Furthermore, the 

micromorphological characters co-varied somewhat with the different breeding systems that 

characterise the E. scaber complex. The novel characters documented in this study have the 

advantage over traditional numerical characters in that they are more rigorously definable and, as 

a consequence, taxonomically more informative. 

Introduction 

Delimitation of the Australian species of Elymus has been a matter of debate for over 

100 years. Nine species of Elymus are currently recognised as occurring in Australia 
and/or New Zealand. Within New Zealand, E. apricus A. Love & Connor, E. enysii 
(Kirk) A. Love & Connor, E. falcis Connor, E. sacandros Connor, E. solandri (Steud.) 

Connor and E. tenuis (Buchanan) A. Love & Connor are considered to be endemic. One 
species containing two varieties, E. scaber (R. Br.) A. Love var. scaber and E. scaber var. 
plurinervis (Vickery) B. Simon, is endemic to Australia. The geographic distribution of 

a further two species, E. rectisetus (Nees in Lehm.) A. Love & Connor and E. multiflorus 
(Hook, f.) A. Love & Connor is contentious. Connor (1994) considered each to be 

present in New Zealand and Australia, whereas Australian workers (notably Vickery 

1951; Simon 1980; Wheeler, Jacobs & Norton 1982; Jessop 1986) treated them as part of 
a broadly defined, but geographically restricted £. scaber (= Agropyron scabrum (R. Br.) 
R Beauv.). Recently, E. miiltiflorus has been included in Australian state floras (Ross 
1989; Jacobs & Hastings 1993; Simon 1993; Walsh 1994). Elymus scaber is not currently 
considered to occur in New Zealand (Love & Connor 1982; Connor 1994). Thus, the 

delimitation of Australian taxa depends on the resolution of the taxonomic 

composition of E. scaber s.l. and whether or not any part of this taxon can be 
accommodated in the otherwise New Zealand species, E. rectisetus. 

The recognition of taxa within Australia has, until recently, been hindered by a lack of 

information on the reproductive biology. Hair (1956), Connor (1954, 1956, 1962a, 
1962b, 1994), and Love and Connor (1982) have done much to document both the 

cytology and the reproductive biology of the austral species of Elymus. All Australian 
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taxa are hexaploids (2n=6x=42) as is the majority of New Zealand species, the 
exceptions being E. enysii (2n=4x=28) and £. tenuis (2;;=8.r=56) (Connor 1954). The 

ploidy level of E. sacandros has not as yet been documented. 

The reproductive biology of the group has received some attention, although 
Australian workers have been somewhat reluctant to embrace the taxonomic potential 
of this source of data for their classifications. Connor (1994), Crane and Carmen (1987), 

Torabinejad et al. (1987) and Murphy and Jones (1999) have each documented a range 
of reproductive strategies in the austral taxa of this genus. It is apparent from this 
accumulated work that the Australian hexaploid taxa are a mix of both sexual and 
apomictic individuals. The New Zealand species are all sexual with the exception of 
the apomict E. rectisetus. 

Most, if not all, of the variation in E. scaber s.l. can be seen in the typical variety. The 
sexual taxon, E. scaber var. plurinervis, on the other hand, is morphologically 

homogeneous and relatively well circumscribed. Traditionally, recognition of entities 
within E. scaber has depended on the emphasis placed upon a limited number of often 
subjectively defined morphological characters. Such characters have included the 
relative length of lemma awns and the dimensions of the glumes and number of their 
nerves (Vickery 1951; Simon 1993; Walsh 1994). In addition, the extent of lemma awn 

curvature and incision of their apices, the shape and degree of incision of palea apices, 

leaf-blade aestivation, the relative size of auricles and the length of anthers have been 
identified by Connor (1994) as being taxonomically relevant for delimitation of New 
Zealand species. 

Attempts to reconcile all sources of variation have resulted in a surprising lack of 
taxonomic congruence. Crane and Carmen (1987) and Murphy and Jones (1999) 
placed sexual individuals with short awns in E. scaber, whereas Torabinejad et al. 
(1987) considered this form to be allied with New Zealand £. multiflorus. Connor 

agreed with the latter workers by placing short-awned individuals from Queensland 
in £. multiflorus. 

Elymus rectisetus is currently described as apomictic with long-awns (Torabinejad et al. 
1987; Carman & Wang 1992; Connor 1994; Murphy & Jones 1999). Apomictic 
individuals with long awns from lowland areas of Australia were regarded by Crane 
and Carmen (1987) as conforming to £. rectisetus. In contrast, they considered that 

montane individuals with highly fertile seeds and intermediate to long lemma awns 
constituted a separate group, but did not recognise the group taxonomically. Murphy 
(pers. comm.) has recently indicated that short-awned individuals of £. scaber var. 

scaber are not exclusively sexual. A multivariate analysis of the E. scaber complex and 
allied species (Wang & Henwood, unpublished data) indicated that E. scaber var. scaber 
comprises a range of lemma awn lengths. This result is not in conflict with the 
holotype of E. scaber for it has short awns. 

It is intriguing, then, that despite the increase of knowledge on the reproductive 
biology, and the cytological and morphological variation within Elymus, the 

taxonomic limits of £. scaber s.l. remain elusive. Thus, it is apparent that if the nature 
and number of taxonomic entities within the £. scaber complex is to be clarified, what 
is required is a suite of less equivocal and/or mutable morphological characters. 

A similar situation to that outlined above can be seen in a number of groups from a 
range of taxonomic ranks within Elymus. In an attempt to provide a more robust 

classification, some workers have employed a combined genomic and morphological 
approach (Salomon & Lu 1992; Lu 1995). In order to find more readily applicable 

morphological characters, these workers examined the micromorphology of paleae, 
calluses and lemmas. Salomon and Lu (1992) found that the palea apex shape and the 
size of palea cilia were good predictors of genome constitution. A subsequent study by 
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Lu (1995) revealed considerable variation in the shape and indumentum of calluses, 
and in the indumentum of rachillas within the 'E. parviglumis group'. 

Given the success of these workers with micromorphological characters, we 
undertook an SEM survey of micromorphological variation within the paleae, calluses 
and rachillas of Australian and New Zealand species of Elymus. Whilst our intention 

was primarily to derive characters that might be applicable to resolving the taxonomic 
structure within E. scaber s.L, we have taken a broad approach and have included all 
New Zealand species in our study. 

Material and methods 

A total of 54 specimens, representing all New Zealand and Australian taxa (either 

recognised formally or informally), were selected (Table 1). Special attention was given 
to selecting individuals representative of the morphological range encountered within 
the E. scaber complex. As with many such studies, the destructive nature of our 
sampling prevented us from using tissue from the holotypes. However, in all cases we 

endeavoured to use material from collections that matched the holotype as closely 
as possible. 

Two to three florets (together with their rachillas) were taken from the mid-section of 

spikelets located in the lower half of each inflorescence. The component parts of each 
floret were mounted on aluminium stubs using double-sided carbon tape, and were 
coated with 20 nm of gold in an Edwards sputter coater. Secondary electron images of 
the specimens were viewed using a Phillips 505 SEM operating at 10 kV, and 

photographs were recorded on Ilford FP4 Plus 120 roll film. 

Results 

A summary of the results is presented in Table 2. Three broad groups of taxa could be 
delimited by a combination of callus, rachilla and palea micromorphological 

characters (see below). Rachillas were found to vary in the shape of the apices, the 
extent of their indumentum and the angle formed between the apex and axis of the 

rachilla. Similarly, calluses were observed to vary in a range of attributes including the 
shape and curvature of their abaxial surfaces, the extent of thickening along the 
adaxial margins and in the details of their indumentum. The extent to which the palea 

tips extended beyond the palea flanks was also found to be informative in a general 
way. However, palea characters such as the shape of the apices and the depth of 
incision were found to be more relevant in determining subgroups of taxa within one 

of the more broadly defined groups (see discussion below). 

Rachillas 

All individuals had rachillas with an indumentum (Table 2). However, the length and 
density of trichomes differed between taxa. The rachillas of E. enysii, E. scaber var. 

plurinervis and E. multiflorus were characterised by short trichomes (Fig. le, c, d 

respectively), whereas both short and long trichomes were observed on the rachillas 
of E. tenuis, E.falds and E. solandri. In contrast, rachillas of E. rectisetus (of both New 
Zealand and putative Australian origin), E. scaber var. scaber, E. apricus (not shown) 

and E. sacandros regularly had long trichomes (Fig. la, b, f). 
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Table 1. Specimens used for SEM investigation. New Zealand specimens are assigned to taxa 
according to Connor (1994), Australian specimens are assigned to taxa according to Wang and 
Henwood (in preparation). Herbarium abbreviations follow Holmgren et al. (1990). 

Australia New Zealand 

Taxon Collector Taxon Collector 

E. rectisetus R. Bates 15856 BRI £. apricus V. Zotov s.n. CHR 95426 

E. rectisetus S. Wang 95103 SYD E. apricus P.N. Johnson 1220 CHR 

E. rectisetus N.C. Beadle s.n. SYD E. apricus V. Zotov s.n. CHR 19722 

E. rectisetus B.J. Lepschi 2027 PERTH E. enysii M.J.A. Lempson 3442 CHR 

E. rectisetus A.D.J. Piesse 247 MEL E. enysii A.P. Druce 1345 CHR 

E. rectisetus S. Wang 95087 SYD E. enysii A.E. Ester 3117 CHR 

E. rectisetus S. Wang 95001 SYD E. falcis Melville 6021 CHR 

E. rectisetus 5. Wang 95041 SYD E. falcis H.E. Connor s.n. CHR 402714 

E. scaberMar. scaber S. Wang 95104 SYD E. falcis H.H. Allan s.n. CHR 9514 

E. scaber var. scaber S. Wang 95135 SYD E. multiflorus D. Petrie s.n. CHR 1595 

E. scaber var. scaber J.H. Willis s.n. MEL 521279 E. multiflorus D. Petrie s.n. CHR 1594 

E. scaber var. scaber J.S. Whinray 709 MEL E. multiflorus P.J. de Lange 832 CHR 

E. scaber var. scaber A. Brown 14 MEL E. rectisetus A.P. Druce s.n. CHR 387016 

E. scaber var. scaber J.H. Hemsleys.n. HO 91358 E. rectisetus A.P. Druce s.n. CHR 209684 

E. scaber var. scaber S. Wang 95128 SYD E. rectisetus S. Aiken 2830 CHR 

E. scaber \/ar. scaber S. Wang 95136 SYD E. sacandros A.P. Druce s.n. CHR 387017 

E. scaber Mar. scaber J.H. Willis s.n. MEL 1560495 E. sacandros A.P Druce s.n. CHR 279258 

E. scaber war. plurinervis S. Wang 95153 SYD E. sacandros A.P. Druce s.n. CHR 279243 

E. scaber Mar. plurinervis S.L. Everist811A MEL E. solandri H.E. Connor s.n. CHR260318 

E. scaber var. plurinervis R.J. Fensham 1728 BRI E. solandri P. Wardle s.n. CHR 223898 

E. scaber var. plurinervis R.J. Fensham 1343 BRI E. solandri Molloy & Campbell CHR 212078 

E. multiflorus K.R. Thiele 249 MEL E. tenuis A.P. Druce s.n. CHR 402401 

E. multiflorus S. Wang 9517 SYD E. tenuis R. Mason 10575. CHR 

E. multiflorus A. Beauglehole 32316 MEL E. tenuis A.P. Druce s.n. CHR 249122 

E. multiflorus S. Wang 95140 SYD 

E. multiflorus S. Wang 95158 SYD 

E. multiflorus S. Wang 95132 SYD 

E. multiflorus A. Bell s.n. MEL 1560416 

E. multiflorus S. Wang 95100 SYD 

E. multiflorus S. Wang 95129 SYD 
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Table 2. Variation of rachillas, calluses and paleae within Australian and New Zealand Elymus 
species (A = Australian material, N = New Zealand material). Rachilla: angle between the margin 
of the apex (side view) and the axis of rachilla; apex shape: oblate (obi), elliptical (el), ovate (ov), 
obovate (ob), circular (c); indumentum long and covering callus base (Ic), long and not covering 
callus base (I); short (s). Callus; outline broadly triangular (b), triangular (t), narrowly triangular 
(n); tip thickened (+), not thickened (-); dorsal surface rounded (r), flat (f), sunken (s); dorsal 
surface glabrous (g), glabrescent (gs); trichomes restricted to margins (m), trichomes distributed 
on surface (s); margin thickening extending approximately to the mid-point (I), restricted to 
below the mid-point (s); ventral surface raised (+), flat or sunken (-). Palea apex; truncate or 
obtuse (n), pointed (A); entire (e), retuse (r), bifid (b); average length of tip beyond flanks. 

Rachilla Callus Palea apex 

> 
3 

(D 

£ enysii ± 50° - s - - - g - + A b 0.00 

E.scaber v plurinervis <30° obi s b - f g/gs - 1 n e/r 0.37 

E. scaber v scaber <30° ov/c/ob 1 t + s/f s/m s - nl A e/r/b 0.07 

E. rectisetus A <30° el Ic n - r m s - n/A e/r/b 0.45 

£. rectisetus N <30° ob 1 n/t + f s/m s - n e/r 0.08 

£ multiflorus A <30° ob/c s b - s/f g/gs 1 - n e/r 0.09 

£ multiflorus N <30° ob s b - s g/gs 1 - n e 0.00 

£ apricus <30° ob 1 t/b -/+ s/f s/m s - A/n b/r 0.07 

E. falcis <30° ob S/I t -/+ s g/s/m s - A In b/r 0.00 

E. sacandros <30° ob/ov 1 t - s/f s/m s - A b/e 0.00 

E. solandrl <30° ob/c/ov S/I b - r m/s s - Ain b/r 0.12 

E. tenuis <30° ob/c S/I n/t -/+ s gs/s s - A b 0.02 

A clear distinction could be drawn between the rachillas of Australian and New 

Zealand material of E. rectisetus (Fig. 1). Australian individuals of this species 
possessed trichomes densely distributed on the upper and central portion of rachillas. 
As a consequence the trichomes covered the base of calluses (Fig. la). Individuals of 
E. rectisetus from New Zealand had a more or less even covering of trichomes across 
the entire surface of the rachilla but, in contrast with Australian material, the 
trichomes did not cover the base of the calluses. In this respect, New Zealand material 
was more similar to Australian individuals of E. scaber var. scaber (Fig. lb). In addition, 
one sample of E. sacandros (Druce s.n.r CHR387017) could be distinguished from others 

by its extremely dense and very long-hairy rachillas (Fig. If). 

The point at which the callus is inserted on to the rachilla was regularly facing inwards 
(an angle of <30° was formed between the side margins and the axis of rachilla; Fig. 
la-d, f) with the exception of E. enysii which had a nearly horizontal (angled at ± 50°) 
and sharply expanded rachilla apex (Fig. le). This character unambiguously 

distinguishes E. enysii from all other Australian and New Zealand species. 
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The shape of rachilla apices (with the exception of E. enysii) was also variable. Semi¬ 
circular to oblate rachilla apices occur in E. scaber var. plurinervis (Fig. I c), elliptical 
rachilla apices characterise Australian £. rectisetus (Fig. la), whereas, circular, ovate 
and obovate rachilla apices were observed in the remainder (Fig. lb, d, f). 

Calluses 

The variation of the abaxial view of calluses involves the shape, the distribution of the 
indumentum and whether the tip is thickened or not. The calluses of Elymus enysii 

Fig. 1. Scanning electron micrographs of rachillas (calluses removed), a, E. rectisetus. Rachilla hairs 

long and dense, covering callus base; rachilla apex elliptical (Wang 95087). b, E. scaber var. scaber. 

Rachilla hairs long but not covering callus base; rachilla apex obovate (Wang 95135). c, E. scaber var. 

plurinervis. Rachilla hairs short; rachilla apex oblate (Smith & Everist 811A). d, £. multiflorus. 
Rachilla hairs short; rachilla apex obovate (CHR 1594). e, E. enysii. Rachilla hairs short; rachilla apex 

± horizontal, sharply expanded (Druce 1345). f, E. sacandros. Rachilla hairs very long and dense, 

rachilla apex ovate (CHR 387017). Scale bars = 0.5 mm. 
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were very short and glabrescent (Fig. 2e) and distinct from all other species. Australian 
E. rectisetus was characterised by narrowly triangular and dorsally rounded calluses 
with hairs restricted to the margins (Fig. 2a). Elymus apricus, E. sactmdros, E. falcis, 
E. scaber var. scaber and New Zealand material of £. rectisetus had mostly triangular, 
hairy calluses, the trichomes on which were located on the surface and the margins 
(as in Fig. 2b). In E. scaber var. scaber, the callus tips were thickened (Fig. 2b) as were 

the callus tips of New Zealand material of £. rectisetus, but not Australian material of 
this species. Thickened callus tips were also occasionally observed in £. apricus, E. falcis 
and £. tenuis (Table 2). Elymus scaber var. plurinervis differed from all other species by 

its uniformly broadly triangular and glabrous to glabrescent calluses with markedly 
blunt tips (Fig. 2c). Elymus multiflorus was characterised by broadly triangular calluses, 
but the tips was not as blunt as those of £. scaber var. plurinervis (Fig. 2d). One sample 
of £. sacandros (Druce s.n., CHR387017) had triangular calluses with very dense and 

long hairs on the surface (Fig. 2f), whereas the calluses of other samples were 
triangular and hairy, similar to those of £. scaber var. scaber. 

The adaxial surface of the calluses was generally not as taxonomically informative as 
the abaxial surface. Flowever, some variation was observed. The callus margins of all 
species (except E. enysii) were thickened. The extent of thickening varied between 

species and either extended approximately to the mid-point of the callus (Fig. 3b, c) or 
was restricted to below the mid-point (Fig. 3a, e, f). Attenuated callus thickening 
correlated with narrowly triangular to triangular, adaxially hairy calluses, whereas 

species with extended callus thickening possessed broadly triangular, 
glabrescent calluses. 

In all taxa except £. enysii, the adaxial surfaces of calluses were sunken or somewhat 

flat (Fig. 3a-c, e, f). Elymus enysii could easily be distinguished from all other species 

on account of its raised adaxial callus surfaces (Fig. 3d). 

Paleae 

Australian taxa were mostly characterised by paleae with truncate or obtuse, and 
entire or retuse apices (Fig. 4a-d). In contrast. New Zealand taxa, except £. nndtiflorus 
and £. rectisetus, were mostly characterised by pointed and bifid palea apices (Fig. 4e, 

f). The attenuated palea flanks of Australian individuals of E. rectisetus (Fig. 4b) set 
them apart from the New Zealand members of this species. 

Discussion 

Elymus species from Australia and New Zealand form three broad groups based on 
their rachilla and callus characters. Two of the groups each consist of only one taxon, 
with the remaining taxa comprising the third group. The third group can be further 

subdivided into two groups by employing palea characters. 

Elymus enysii constitutes a single-member group. This species is characterised by 

sharply expanded rachilla apices, very short (abaxial) and distinctly raised (adaxial) 
calluses. The unique combination of micromorphological characters described here 
corresponds with the notion proposed by Svitashev et al. (1996) and Svitashev et al. 
(1998) that E. enysii may be misplaced within Elymus. Their study confirmed the 

presence of the H and W genomes, but they were unable to locate the S genome in 
E. enysii. The S genome is widely considered to be common to all Elymus species 
(Svitashev et al. 1996). That the micromorphological characters seem to be sensitive to 

genomic constitution has been previously suggested by Salomon and Lu (1992). Thus, 
the combined genomic and micromorphological evidence would suggest that a 
revision of the generic status of £. enysii is appropriate. 
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Fig. 2. Scanning electron micrographs of calluses (abaxial surface), a, £. rectisetus. Callus narrowly 

triangular; dorsal surface rounded; hairs restricted to margins; tip not thickened (Wang 95001). 
b, E. scalier var. scaber. Callus triangular; dorsal surface sunken; hairs on margins and surface; tip 

thickened (arrow) (Willis s.ti.). c, E. scaber var. plurinervis. Callus broadly triangular; dorsal surface 

flat, glabrescent; tip not thickened and markedly blunt (Fensham 1728). d, E. multiflorus. Callus 

broadly triangular; dorsal surface flat, glabrescent (CHR 1594). e, £. enysii. Callus latitudinally much 

wider than longer and glabrescent (Lempson 3442). f, £. sacandros. Callus triangular, dorsal surface 

flat; hairs long and dense, distributed on margins and surface; tip not thickened (CHR 387017). 
Scale bars = 0.5 mm. 
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Fig. 3. Scanning electron micrographs of calluses (adaxial surface), a, E. rectisetus. Callus flat; 

marginal thickening distinct (arrow), restricted to below the mid-point; hairy (Wang 95001). 
b, E. scaber var. plurinervis. Callus sunken; marginal thickening distinct, extending approximately 

to the mid-point; glabrescent (Fensham 1343). c, E. multiflorus. Callus sunken; marginal thickening 

distinct, extending approximately to the mid-point; glabrous (CHR 1594). d, E. enysii. Callus 

raised, with remnants of rachilla; marginal thickening not distinct; hairy (Druce 1345). 
e, E. sacandros. Callus sunken; marginal thickening distinct, restricted to below the mid-point; hairy 

(CHR 387017). f, E. apricus. Callus sunken, marginal thickening distinct, restricted to below the mid¬ 

point; hairy (Johnson 1220). Scale bars = 0.1 mm. 
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The Australian taxon, £. scaber var. plurinervis, also forms a single-member group. 

Elymns scaber var. plurinervis is separable from all other taxa by its uniformly semi¬ 
circular to oblate rachilla apices and widely triangular and glabrous calluses with 
markedly blunt tips. This result agrees with the suggestion of several authors (Carman 
& Wang 1992; Connor, pers. comm.) that this taxon should be elevated to species rank. 

The remaining taxa comprise the third group on account of their more variable 

characters of rachilla apices (elliptical, ovate, obovate and circular), callus shape 
(abaxial; from narrowly triangular to broadly triangular) and indumentum (glabrous 

Fig. 4. Palea apices and flanks (abaxial surface), a, E. scaber var. scaber. Apex truncate and entire; 

flanks ending under the top (arrow) (Wang 95129). b, £. rectisetus. Apex truncate and entire; flanks 

ending far away under the top (Wang 95041). c, E. maltiflorus. Apex truncate and entire; flanks 

ending at the top (CHR 1594). d, £. scaber var. plurinervis. Palea apex obtuse and retroflex; flanks 

ending under the top (Smith & Everist 811 A), e, E. tenuis. Apex pointed and bifid; flanks ending at 

the top (CHR 402401). f, E. enysii. Palea apex acute and bifid; flanks ending at the top 

(Druce 1345). Scale bars: a-e = 0.1 mm; f = 0.5 mm. 
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to hairy; Table 2). The subdivision of this group is based on the characters of palea 
apices. The first sub-group is made up by E. scaber var. scaber, E. rectisetus (both 

Australian and New Zealand material) and £. multiflorus, and is characterised by 
truncate or obtuse and entire to retuse palea apices. The remaining species, E. apricus, 
E. falcis, E. sacandros, E. solandri and E. tenuis, regularly have pointed and bifid 
palea apices. 

Fine details of the surveyed organs do, however, permit further resolution of the taxa. 
For example, Australian individuals of E. rectisetus are readily distinguishable from 
E. scaber var. scaber when micromorphological characters are used. These taxa are 
customarily considered to be conspecific in Australia on account of their long awns 
(Crane & Carman 1987; Ross 1989; Jacobs & Hastings 1993; Walsh 1994; Murphy 
& Jones 1999). Australian members of £. rectisetus are characterised by elliptical 
rachilla apices, long rachilla trichomes covering callus bases, narrowly triangular 

calluses with hairs restricted to the margins, and attenuated palea flanks (Table 2). 
Elymus scaber var. scaber, on the other hand, has ovate to obovate rachilla apices, long 
rachilla trichomes (but not covering callus bases), triangular calluses with hairs 
distributed on the margins and surfaces, thickened callus tips and elongated palea 
flanks (Table 2). In contrast, New Zealand E. rectisetus is indistinguishable from 

Australian E. scaber var. scaber, thereby raising the possibility that they may be 
conspecific. This conclusion is in direct conflict with Love and Connor (1982) who 

concluded that £. scaber var. scaber does not occur in New Zealand. 

In general, the micromorphological characters obtained from rachillas, calluses and 
palea apices were found to be taxonomically informative. To a limited extent the 

micromorphological characters are congruent with the characters traditionally used in 
defining the species of Elymus. For example, rachillas and calluses with long hairs 
correlate with lemmas characterised by intermediate to long awns (with the exception 

of E. scaber var. plurinervis), and semi-circular or oblate rachilla apices correlate with 
large glumes. Individuals with short awns (except E. scaber var. plurinervis) have 
rachillas with short hairs and broadly triangular, glabrous to glabrescent calluses. 

The above mentioned micromorphological characters also appear to correlate with the 
modes of reproduction encountered in E. scaber s.l. Elymus scaber var. scaber and 

E. rectisetus (including Australian individuals) are putatively apomictic (Crane 
& Carman 1987; Torabinejad et al. 1987; Murphy & Jones 1999), and each possesses 
long-hairy calluses and rachillas. In contrast, the sexual taxa £. multiflorus and E. scaber 
var. plurinervis are characterised by broadly triangular and glabrous calluses, and by 

rachillas with short trichomes. 

The micromorphological characters indicate that the taxonomic limits of some species 
may require adjustment. Elymus emysii may be misplaced within Elymus. Furthermore, 
it would appear that the Australian and New Zealand members of E. rectisetus differ 

micromorphologically from each other, thereby, raising the possibility that individuals 
from each country are not conspecific. Australian material of £. rectisetus agrees well 

with the holotype of this species, whereas material determined as E. rectisetus from 
New Zealand shows a closer micromorphological affinity with £. scaber than with 

typical E. rectisetus. 

From a practical point of view, the characters outlined in this paper provide a further 
means of defining the taxa of Elymus from New Zealand and Australia. In addition, we 

believe that these characters are less ambiguous and, therefore, can be applied more 
rigorously than the characters employed traditionally in this genus. 
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Two new species of Dillwynia (Fabaceae: 
Mirbelieae) from the Southern Tablelands of 

New South Wales 

Peter C. Jobson and Peter H. Weston 

Abstract 

Jobson, Peter C.1-2 and Weston, Peter Hi f!National Herbarium of New South Wales, Royal Botanic Gardens, 
Sydney, NSW 2000, Australia; 2Dept. of Environmental Sciences, University of Technology, Sydney, Gore 
Hill, NSW 2065, Australia)1999. Two new species o/Dillwynia (Fabaceae: Mirbelieae) from the Southern 
Tablelands of New South Wales. Telopea 8(3) 363-369. Dillwynia crispii Jobson & P.H. Weston and 

D. palustris Jobson & P.H. Weston, two new species from the Southern Tablelands of New South 

Wales, are described along with their ecology, distribution and conservation status. Their affinities 

with closely related species are also discussed. 

Introduction 

As a result of our continuing revisionary research into the systematics of Dillwynia for 
Flora of Australia, these two species are here described. One species, Dillwynia crispii 
Jobson & P.H. Weston, has been recognised informally for the last thirty years as a 
distinct species and for the Flora of New South Wales treatment (Weston 1991) was called 
‘Dillwynia species C'. The other species was first collected in 1962 and has been 

referred to as 'sp. aff. D. retorta' or ‘D. retorta (prostrate form)' by various collectors. We 
have examined both species in the wild and were able to make valuable observations 
of their habit and preferred habitat. We describe these new species below, along with 
their distribution and ecology, and assess their conservation status. We also compare 

them with species that appear to be their closest relatives. An updated key to all the 
known species of Dillzvynia in New South Wales is currently being written for the 
forthcoming second edition of Volume Two the Flora of New South Wales. 

Taxonomy 

Dillwynia crispii jobson & P.H. Weston, sp. nov. 

Frutex erectus ramificans usque ad 2.5 m altus; caules glabri vel pilis appressis sericei, 
cicatricibus foliorum decurrentibus prominentibusque; folia triquetra vel semiteretia, 
suberecta, glabra; inflorescentia axillaris, biflora, in axillis superis fasciculata; calyx 

glaber; fructus pubescentes, rubiginosi. 

Holotype: New South Wales: Southern Tablelands: Just N of Bulee Gap, (c. 2.5 km E of 
Endrick River crossing) 8.8 km NE of Nerriga, 35°05'43"S 150°08'H"E, PC. Jobson 5123 
& P.H. Weston, 20 Oct 1997 (NSW 426807). Isotypes: A, AD, B, BRI, CANB, CHR, E, HO, 
K, MEL, MO, NY, P, PRE, S. 

[Dillwynia sp. C. in Weston (1991)] 

Erect, single-stemmed shrub 0.6-2.5 m high. Bark smooth, red-brown becoming grey 

with age, with olive, minutely colliculate flanges (the remnants of the persistent 
decurrent leaf bases). Branches and branchlets longitudinally ridged, alternating 
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brown and olive; brown ridges with antrorse, appressed white hairs c. 0.5 mm long; 
olive ridges glabrous, minutely colliculate. Leaves spreading to loosely antrorse- 
appressed, linear, triquetrous to semiterete, glabrous, minutely colliculate; young 
leaves lime green; petiole c. 1 mm long, decurrent leaf bases yellow-green, 0.5-3.0 mm 
long, colliculate; lamina with a longitudinal adaxial groove, occasionally slightly 

twisted, 1.0-2.2 cm long, 0.75-1.25 mm wide, apex mucronate, often with an incurved 
tip; stipules present, yellow, brown and scarious with age, 0.1-0.5 mm long. 
Inflorescences axillary, clustered in upper axils, 2-flowered. Peduncles 1.0-2.5 mm 

long. Bracts ovate to narrow-ovate, 1.5-2.5 mm long, entire, cucullate, yellow, ciliate 
with white hairs in upper portion of margin; bracteoles ovate, 1.0-2.0 mm long, entire, 
yellow to red-brown, ciliate with white, straight hairs, chiefly on upper portion of 
margin but occasionally along the entire margin, rarely glabrous, attached to pedicel 
0.5-2.0 mm below calyx tube. Buds rosy pink to red-brown with the lobes occasionally 

olive green; upper calyx lobes cucullate. Calyx faintly 10-ribbed, rosy pink to red- 
brown, glabrous, 4.5-7.0 mm long; calyx tube turbinate; lobes shorter than tube; lower 

lobes broadly acute; upper lobes v-shaped notched, divergent, margins ciliate with 
white crisped hairs. Standard w'ith basal oblong claw and lamina reniform with a deep 

v-notch separating the lobes; lamina 5.5-7.0 mm long, 10.5-15.0 mm wide; lobes 
obovate, yellow with broad red band (crescent) above claw; claw yellow, 4.0-5.0 mm 

long, 1.5-2.25 mm wide. Wings narrow-obovate to oblong, partially obscuring keel, 
parallel, obtuse, yellow at apex grading to rosy pink mid way to base; lamina 7.5-9.0 mm 
long, 2.5-3.5 mm wide; claw 1.5-2.0 mm long, 1,0-1.5 mm wide. Keel ovate when 
viewed from above, oblong in lateral view, with apex open and divergent, obtuse, rosy 
pink to red with faint green markings towards centre, 6.5-7.5 mm long, 2.0-2.5 mm 
wide; upper margin papillate to minutely ciliate; claw c. 2 mm long. Stamens 

articulated onto a basal ring c. 2 mm long, filaments 3.5-5.0 mm long; anthers 0.5-1.0 mm 
long. Gynoecium 4.0-6.0 mm long; ovary white-pubescent, 1.5-2.0 mm long; stipe 
glabrous c. 0.5 mm long; style hooked, glabrous, c. 2 mm long; stigma conical. Pod 

ovoid, turgid, red-brown, pubescent with scattered white hairs, occasionally 
glabrescent towards centre, 6.0-7.5 mm long, 4.0-5.0 mm wide; petals caducous 
during late development of pod. Seeds ovoid to reniform, c. 2.5 mm long, smooth, 
brown-red to dark brown; aril cream-yellow. (Fig. 1). 

Phenology: flowers chiefly in October but occasionally in late September and early 
November; fruits in late December to early January. 

Distribution: known only from the northern Budawang Ranges between Nerriga and 

Sassafras, New South Wales. (Fig. 3). 

Habitat: in dry sclerophyll woodland dominated by Eucalyptus sieberi, E. dendromorpha 
and occasionally £. agglomerata with a dense shrubby understorey on shallow gravelly 
sand, and in crevices on rocky sandstone pavements. It is usually found on the edge 
of escarpments and exposed cliff tops. The altitudinal range of this species is between 

750 m and 850 m. 

Conservation Status: the known distribution of this species is almost completely 
within the confines of the Morton National Park, much of which has recently been 
given Wilderness status, so it is protected. However, because of its narrow distribution 

it should be coded 2RC according to the criteria of Briggs and Leigh (1996). 

Etymology: the epithet crispii honours Dr Michael D. Crisp from the Australian 

National University in Canberra, who has greatly advanced our knowledge of the 
systematics of the tribe Mirbelieae. 

O 

Notes: Dillwynia crispii was first collected by William Baeuerlen in 1886 in the 

'Braidwood District' but it was not until the early 1960s, when the road between 
Nowra and Nerriga was upgraded, that extensive collections of this species were 
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made. However, the extent of the species' distribution is still poorly known due to the 

rugged and inaccessible nature of the region. For example, surveying within the army 
reserve adjoining the eastern side of the Sassafras portion of Morton National Park 
might conceivably extend the known distribution. The Baeuerlen collecting locality is 
vague and it should not be assumed that the species grows as far south as Braidwood, 
especially since, in the last 30 years of increased collecting in the area, the species has 
been found no further south than Quiltys Mountain, southeast of Nerriga. 

This species closely resembles D. stipulifera Blakely (Weston 1991) and in the past was 

also misidentified by collectors as a form of D. acicularis Sieber ex DC. Dillwynia crispii 
and D. stipulifera are the only two species in the genus known to possess more than 
vestigial stipules. They can be separated, however, using the following characters: 
D. crispii is a robust erect shrub to 2 m whereas D. stipulifera is a decumbent filiform 

shrub to 0.5 m with the leaves tending to be more keeled and less crowded. They also 
have distinctly different habitat requirements: D. stipulifera prefers swampy to 

swampy-heath communities whereas D. crispii prefers dry sclerophyll woodlands on 
exposed cliff tops and escarpments. Dillwynia acicularis differs from D. crispii in having 
a terminal inflorescence, campanulate calyx tube, persistent corolla in fruit, smaller 

Fig. 1. Dillwynia crispii. a, habit; b, side view of flower; c, front view of flower; d, pod (a-c from Jobson 
5123 & Weston; d from tngwerson s.n. (CBG 7708347)). Scale bars: a = 3 cm; b, c = 1.5 cm; d = 1 cm 
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flowers (eg. standard lamina 7-9 mm wide), leaves with a distinct pungent point and 

stems covered in a white indumentum. 

Selected specimens examined: New South Wales: Southern Tablelands: Nowra Rd 4 miles [6.4 km] 

E of Nerriga, 35°06'S 150°10'E, Adams 1454,13 Oct 1965 (fl.)(CANB, A, AD, B, BM, BH, BR], E, G, 

K, L, MEL, NSW, NT, NY, NZ, P, US); edge of sandstone plateau, E of Endrick River, Pullen 872, 
25 Jun 1958 (old fr.) (CANB, NSW); Sassafras Rd, 5 miles [8.1 km] from Nerriga, Slwobridge s.n., 
28 Oct 1962 (fl.) (CBG 013066); The Jumps, on Touga Rd, NNE of Nerriga, 35°01'39"S 150°08’20"E, 

fobson 512S & Weston, 20 Oct 1997 (fl.)(NSW, BRI, MEL), M. McMillan 72/80,11 Dec 1972 (fr.)(CANB); 

Pigeon House Ridge, Burgess s.n., 13 Oct 1962 (fl.) (NSW 63224, CANB); The Vines, Endrick State 

Forest, S of Sassafras, 35°12'S 150°11'E, Constable 171,29 Oct 1957 (fl.)(NSW, CANB); top of Quiltys 

Mountain, near Bora Ground, Budawang Range, 35°10'S 150°10'E, D. Black s.n., 6 Nov 1981 (fl.) 

(NSW 419979); Braidwood district, Baeuerlen 112, Nov 1886 (MEL — 2 sheets). 

Dillwynia palustris Jobson & P.H. Weston, sp. nov. 

Frutex infirme ascendens vel decumbens, aliquando tegetem formans, in caulibus 

veteribus radicarts; caules cum pilis retrorsis vestiti; folia torta, glabra vel pilis sparsis 
aliquando instructa; inflorescentia terminalis lateralisque, in pedunculis usque ad 28 
mm longis; calyx glaber; fructus pubescentes, fuliginosi. 

Holotype: New South Wales; Southern Tablelands: N side of Bullongra Rd (c. 1 km 
E of Preston Rd junction), 27.7 km ENE of Tumbarumba in Bago State Forest, 
35°41’35"S 148°09'48"E, P.C. Jobson 5473 & P.H. Weston, 22 Jan 1998 (NSW 430319). 

Isotypes; BRI, CANB, HO, K, MEL, MO, NBG. 

Weakly ascending to decumbent shrub, 0.1-0.5 nr high, 0.3-0.5 m wide, occasionally 
forming mats to 1.5 m diameter; older, subterranean stems often rooting, presence of 
lignotuber unknown. Bark minutely fissured, red-brown to light brown with an 

irregular outer charcoal grey to black (occasionally silver) layer, occasionally with 
white retrorse hairs, lenticels absent. Branches smooth, red-brown to light brown with 

retrorse to retrorse-appressed minute white hairs. Branchlets yellow to cream, 
otherwise similar to branches. Leaves spreading, linear, trigonous to flattened, 
glabrous, occasionally with hairs at the apex, minutely colliculate and often wrinkled 
when dried, young leaves green, occasionally with scattered white hairs along lamina; 
petiole 0.25-0.75 mm long, raised leaf bases yellow, 0.1-0.5 mm, colliculate; lamina 

chiefly twisted to 90° but sometimes straight, with a longitudinal adaxial groove, 
keeled, 2.5-5.0 mm long, 0.25-0.5 mm wide; apex mucronate, acute or obtuse, tip 
either straight or incurved; stipules present, persistent, yellow, brown and scarious 
with age, c. 0.25 mm long. Inflorescence terminal and lateral, 1 to many inflorescences 
at end of branchlet, 1- to 3-flowered. Peduncles (0.9—)1.1-2.1 (-2.8) cm long, glabrous; 

pedicels 0.9-2.5 mm long, glabrous. Bracts narrow ovate to lanceolate, 0.75-1.25 mm 
long, entire, cymbicate, yellow, obtuse, ciliate with white hairs along margin, denser 
towards apex; bracteoles narrow ovate to lanceolate, 0.75-1.25 mm long, entire, 

frequently conduplicate, yellow, acute to acuminate, sparsely ciliate with white hairs, 
chiefly on upper portion of margin, rarely glabrous, occasionally one red gland 
present on upper portion of margin, attached to pedicel 0.5-1.0 mm below calyx tube. 

Buds pale green, glabrous, cucullate upper calyx lobes. Calyx 10-ribbed, 5 (alternate) 
ribs terminating near calyx lobe apex, green, glabrous, 3.5—4.5 mm long; calyx tube 
turbinate; lobes shorter than tube, lower lobes broadly triangular, upper lobes 

v-shaped, notched, strongly divergent, margins ciliate with white crisped hairs. 
Standard with basal oblong claw and lamina broad reniform to broad ovate, strongly 

concave, shallowly emarginate separating the two lobes; lamina 3.5—4.5 mm long, 
8.0-9.5 mm wide; lobes obovate to circular, orange-yellow with narrow (rarely broad) 
red band (crescent) above claw; claw yellow to yellow-green, 2.0-3.0 mm long, c. 1 mm 

wide. Wings oblong, obscuring keel, imbricate at apex, orange-yellow, sometimes 
grading to red at base, lamina 4.0-5.0 mm long, c. 2 mm wide; claw c. 1 mm long, 
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0.5-0.75 mm wide. Keel ovate viewed from above, oblong in lateral view, with apex 
open and divergent, obtuse, crimson, sometimes grading to green at base, 3.5-4.0 mm 
long, c. 1 mm wide; upper margin smooth to minutely papillate; claw 1.5-2.0 mm long. 
Stamens articulated onto a basal ring c. 1 mm long, filaments 1.0-4.0 mm long; anthers 
c.0.5 mm long. Gynoecium 3.0-4.0 mm long; ovary white pubescent, 1.0-1.5 mm long; 
stipe glabrous c. 0.5 mm long; style hooked, sparsely hairy, c. 2 mm long, stigma 
capitate. Pod ovoid, turgid, purple-green turning black-brown with age, pubescent 
with scattered white hairs (denser towards base of pod), 4.5-5.5 mm long, 2.5-3.5 mm 

wide, on elongated peduncles to 3.0 cm long; petals caducous during late 
development of pod. Seeds ovoid to reniform, smooth, dark olive-brown to brown; aril 
cream-yellow, c. 2 mm long. (Fig. 2). 

Phenology: flowers in January to early February; fruits known from late January. 

Distribution: known from three areas on the ranges to the east and west of the upper 

Tumut River catchment, viz. Bago State Forest to the east of Tumbarumba, Bogong 
Range to the east of Talbingo, and on the plateau from Little Peppercorn Plain 
northwards towards Brindabella, New South Wales. (Fig. 3). The Bogong Range and 
Little Peppercorn Plain are both within the Kosciuszko National Park. 

Ltsit-1 
Jjktty'jf 

Fig. 2. Dillwynia palustris. a, habit; b, branch; c, inflorescence; d, pod (all from Jobson 5448 & Weston). 
Scale bars: a = 1.2 cm; b & c = 1 cm; d = 0.66 cm. 
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Habitat: Dilhoynia palustris occurs along a very narrow ecotone between open 
Eucalyptus pauciflora-E. stellulata woodlands with grassy understories and 
Sphagnum-Leptospermum-dominated peaty swamps with permanent water. The 
species associated with D. palustris in this ecotone include Epacris breviflora, 
E. microphylla var. microphylla, Poa costiniana, Baeckca gunniana, Baloskion australe, Juncus 
alexandri var. alexandri, Brachyscome scapigera, Asperula pusilla, Hypoxis hygrometrica var. 

hygrometrica, Stylidium graminifolium and Aciphylla simplicifolia. The Little Peppercorn 
Plain population occurred not only along the banks of the swampy creek in a typical 
habitat as described above, it also occurred on the nearby open low heathy meadow. 

This heathy meadow had widely spaced Ozothamnus hookeri-Hakca microphylla-Epacris 
sp. shrubs with a herb stratum dominated by Poa fawcettiae, Leptorhynchos squamatus 
subsp. 'alpinus', Craspedia variabilis, Poranthera microphylla, Stylidium graminifolium, 
Rhodanthe anthemoides, Microseris lanceolata, Bracteantha subundulata, Senecio 
quadridentatus and Brachyscome spathulata. 

Conservation Status: three of the known populations of this species occur within the 
Kosciuszko National Park and so it appears to be adequately conserved. However, 
because of its narrow distribution pattern and specialised habitat, its conservation 
coding (Briggs & Leigh 1996) should be 2VC. No collections have been made from the 

southern part of the Tumut River catchment (Toolong Range), despite the existence of 
apparently suitable habitats there. This region has limited access; if plants were 

located from this area, then the coding would change to 3VC. 

Fig. 3. Distribution map of Dillvnjnia crispii (•) and D. palustris (O). 
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Although the species is conserved within a national park, most populations occur in 

the Bago State Forest, in which grazing is currently permitted. Dillwynia palustris was 
absent from swamps that appeared to have experienced heavy grazing. These swamps 
invariably had heavy infestations of introduced weedy species and appeared to have 
experienced a drop in the level of the water table. We have observed (Jobson & Weston 

1998) that other species of Dillwynia may be heavily grazed by stock. So the 
combination of introduction of weedy species, changes in water table and probable 

palatability to stock are likely to affect tire viability of this species over time. 

Etymology: the epithet palustris is from the Latin meaning marshy and refers to the 

preferred habitat of this species. 

Notes: this species is part of the D. retorta-phylicoides species complex. Dillwynia 
palustris has twisted leaves and long peduncles, resembling most closely D. parvifolia 
R.Br. var. trichopoda Blakely, but differs in its habit, its rooting along the prostrate 
stems, its bract morphology and its habitat preference. Dillwynia parvifolia var. 

trichopoda, although still weakly ascending, tends to be more shrub-like in its 
appearance, its bracts have conspicuous red glands along the margins and it prefers 

dry sclerophyll woodlands and sandy soils. 

Selected specimens examined: (total 13 specimens) New South Wales: Southern Tablelands: near 

Brindabella, high southern plateau, Cittins 448, Jan 1962 (fl.)(NSW); Little Peppercorn Plain, 23.4 km 

N of Rules Point, Kosciuszko National Park, 35°33'24"S 148C37'11"E, Taylor 1313, Jackson & Hadlow, 
4 Feb 1981 (fl.)(CANB), jobson 5412 & Weston, 21 Jan 1997 (ft, fr.)(NSW, AD, BRJ, CHR, K, MEL, 

MO); Bogong Range, 35°33’S 148°26'E, Blooker 5536, 4 Feb 1977 (fl.)(CANB); Western extreme end 

of Tomney's Plain swamp (near where Tomney's Plain Creek feeds into swamp) 4.0 km N along 

Powerline Road from Elliot Way turnoff, 35°45 00"S 148°14,20"E, Jobson 5478 & Weston, 22 Jan 1997 

(fl.) (NSW, CANB); c. 1 km S from northern end of Spencers Creek swamp, c. 24.5 km NE of 

Tumbarumba in Bago State Forest, 35°42'47"S 148°08'36"E, Jobson 5470 & Weston, 22 Jan 1997 

(fl., fr.)(NSW, MEL); swamp on Paddys River headwaters, 25.7 km NE of Tumbarumba in Bago 

State Forest, 35°41’28"S 148°08’41"E, Jobson 5448 & Weston, 22 Jan 1997 (fl.) (NSW, AD, B, CANB, 

MEL, NY, PRE); near Batlow, Bago State Forest, 35°32'S 148°05'E, K. Giles 6, Jan 1964 (fl.) 

(NSW, CANB). 
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The occurrence and history of Tetragonia 
decumbens (Aizoaceae) in New South Wales 

Petrus C. Heyligers 

Abstract 

Heyligers, P.C. (CSIRO Wildlife and Ecology, GPO Box 284, Canberra, ACT 2601, Australia) 1999. 
The occurrence and history of Tetragonia decumbens (Aizoaceae) in Nero South Wales. Telopea 8(3): 
371-373. The correct name for tins uncommon, introduced strand plant in New South Wales is 
shown to be Tetragonia decumbens Mill, rather than T. nigrescens Eckl. & Zeyh. The history of the 
usage of the incorrect name is investigated and the past and present distribution of this species in 
New South Wales discussed. 

Introduction 

In March 1993, at the harbour entrance to Newcastle, I found a plant I knew well from 
the dunes in south-western Western Australia: Tetragonia decumbens Miller, African 
Spinach. This species is native to the shores of southern Africa (Adamson 1955, Lubke 
et al. 1997) and in Western Australia was first collected in 1932 near Cottesloe, a 
seaside suburb of Perth. It has winged, corky fruits and, like those of its congener 
T. tetragonioides (Pallas) Kuntze, New Zealand Spinach, these fruits are buoyant in 
seawater. However, T. decumbens is not mentioned in the Flora of New South Wales 
(Jacobs & Highett 1990) and because the flowers are pedicellate, the Newcastle plant 
keys out to T. nigrescens Eckl. & Zeyh. As it was not a '[s]oft, prostrate, slightly 
succulent, green or purplish herb with underground tuber,' but a suffrutescent 
decumbent plant with thick, succulent, saddle-shaped leaves, it was obviously a 
different species. In this paper I report on the incorrect identification and describe the 
past and present distribution of T. decumbens in New South Wales. 

Nomenclature follows the various authors, as referred to in the text; the spelling of 
T. tetragonioides is adopted from Gray (1997). 

The identity of Tetragonia nigrescens from New South Wales 

The name used in the Flora of New South Wales dates back to a misidentification of a 
plant found in 1916. Inspection of the collections at NSW, SYD and UNSW show that 
this and other New South Wales specimens kept under T. nigrescens var. maritima Sond. 
are in fact T. decumbens. From annotations on the folder at NSW it was apparent that 
Jacobs had already questioned this identification during the preparation of the 'Flora 
of New South Wales'. Consulting the most recent monograph on the South African 
species in this genus (Adamson 1955) left me in no doubt about the correct name for 
these specimens. His key leads to the series Decumbentes, which is characterized by 
stems, woody at the base, and rather rigid, papillose wings on the ripe fruit. In this 
series of three species T, decumbens is the only one that is decumbent. Adamson (1955) 
and Friedrich (1967) point out that this taxon is very variable in size, in woodiness of 
the stems, and in leaf shape and succulence. For this reason Adamson does not 
maintain the varieties listed by Fenzl (1862) and includes T. zeyheri Fenzl, the name in 
use for the Western Australian plants, in T. decumbens as well, as it 'is merely a form 
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from rather dry habitat.' Friedrich (1967) considers tire other two taxa in the Decumbentes 
to be conspecific with T. decumbens as well. Ms P. Burgoyne at the National Herbarium 

in Pretoria (PRE) has subsequently confirmed the correctness of this re-identification. 
Prescott (1984) and Rye (1987) provide good descriptions of this taxon. 

Use of the name Tetragonia nigrescens 

As far as I am aware, the floras of Beadle et al. (1962) and Beadle (1972) were the first 
in which T. nigrescens var. maritime! was documented. The description of this taxon fits 

the plants found in New South Wales reasonably well; in other words, it appears to be 
based on knowledge of live specimens (Evans had collected the species at Maroubra, 
see below). In contrast, the diagnosis in the Flora of New South Wales (Jacobs & Highett 
1990), like that in the Flora of Australia (Prescott 1984), is closely paraphrased from 
Adamson (1955) and hence the name of the variety was dropped as Adamson, as for 
T. decumbens, had found that the varieties recognized by Fenzl (1862) could not be 
upheld. 

Past and present distribution of T. decumbens in New South Wales 

The first collection of T. decumbens in New South Wales was made by A.A. Hamilton 
on 11 November 1916 at Maroubra Bay, Sydney (Hamilton s.n., NSW 429307, 429308) 

and exhibited at the May 30,1917 meeting of the Linnean Society of New South Wales 
(Anon. 1917). In February 1919 T. decumbens was also found at Camp Cove near South 
Head, at the entrance to Sydney Harbour (Bryant s.n., NSW 429309). At Maroubra it 

was collected again in 1933 (Radford s.n., NSW 429310) and in 1955 (Evans s.n., SYD). 
As a search in 1998 revealed, T. decumbens has disappeared from both locations. 

In the 1940s Mort (1949) made an extensive survey of the dune flora of New South 
Wales with a view to selecting species suitable for dune rehabilitation. On 1 August 
1947 he collected T. decumbens at Stockton Beach (Mort s.n., NSW 3939). Being at the 

harbour entrance to Newcastle, this location is rich in ballast plants, including several 
introduced from South Africa, for example Cotula turbinata and Ursinia 
chrysanthemoides (Asteraceae) and Hebenstretia dentata (Selaginaceae) (pers. obs.), and 
Trachyandra divaricata (Asphodelaceae; Heyligers in press). T. decumbens has persisted 
in the area (e.g. Lower Hunter River, Winning s.n., 8 Febl988 (NSW 216083); Newcastle 

Head, Heyligers 93016, 2 Aug 1993 (CANB, NSW); Stockton, Heuligers 98006, 29 Oct 
1998 (CANB)). 

In 1993 T. decumbens was also collected near Birubi Point, Anna Bay, about 25 km 
northeast of Stockton (Coveny 16487, NSW), where it was still present in 1998. Its 
occurrence in this area is most likely due to an accidental introduction during dune 

restoration work. There are no other documented occurrences from New South Wales, 
and although T. decumbens may be present in a few other locations (P.J. Clarke, pers. 
comm.), it is clear that, in contrast to Western Australia, its distribution in New South 
Wales has remained quite sporadic. 
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A new combination and new synonymy in 
Kaempferia (Zingiberaceae: Hedychieae) 

R. J. Searle 

Abstract 

Searle, R.J.( Centre for Plant Diversity and Systematics, School of Plant Sciences, University of Reading 
RC6 6AS, United Kingdom) 7 999. A new combination and neiv synonymy in Kaempferia (Zingiberaceae: 
Hedychieae). Telopea 8(3): 375-376. The new combination Kaempferia rubromarginata is proposed 

and the synonymy of Kaempferia elegans discussed. 

Introduction 

Extensive research on the family Zingiberaceae over the last few years has resulted in 
the need for some nomenclatural amendments. A new combination in Kaempferia 
(Southeast Asia), and the placing of Kaempferia atrovirens N.E. Br., together with K. 

pulchra Ridl., into synonymy under K. elegans Wall, are proposed. 

1. Kaempferia rubromarginata 

Kaempferia rubromarginata (S.Q. Tong) R.J. Searle, comb. nov. 

Basionym: Stahlianthus rubromarginatus S.Q. Tong, Acta Phytotax. Sin. 33: 499 (1995). 

Type: Yunnan (introduced from Burma and in cultivation): Tong 42442 (KUN). 

A number of features make it doubtful that this species can be considered a true 
Stahlianthus. One of the main characters of Stahlianthus is the large urn-shaped 
inflorescence formed from the enlargement of the first two primary bracts. Although 
the inflorescence bracts of Kaempferia rubromarginata bear a superficial resemblance to 

those of a Stahlianthus, on close inspection key differences are observable. The first two 
bracts of Stahlianthus are connate, whereas those in K. rubromarginata are overlapping 
and free to the base. The dimensions, shape and colour of the K. rubromarginata flowers 
are more similar to those found in Kaempferia; for example, they are almost identical to 

those of K. parviflora. Finally in a cladistic analysis based on the ITS region (Searle & 
Hedderson, in press), K. rubromarginata appears well nested within Kaempferia and is 

sister taxon to K. parviflora. 

2. Kaempferia elegans 

Kaempferia elegans Wall., PI. Asiat. Rar. 1: 24 t. 27 (1830). 

Type: Burma: Tenasserim, Wallich Cat. 6593 (holo: K!). 

Monolophus elegans (Wall.) Horan., Prodr. Monogr. Scitam.: 22 (1862). 

Kaempferia pulchra Ridl., J. Straits Branch Roy. Asiat. Soc. 32:107 (1899), syn. nov. 

Syntypes: Thailand: Bangtaphan, 1890, A. Keith 261 (SING!); Malaysia: Lankawi, 1890, 

C. Curtis 2605 (SING!). 
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Kaempferia atrovirens N.E. Br., Ill. Hort. 31:143 t. 610 (1886), syn. nov. 

Type: Borneo, received via the Compagnie Continental D'Horticulture, Gand, 

Belgium, vii 1886 (holo: K!). 

The case for merging these three species has long been argued by various authors 
(Holttum 1950; Smith 1987). I have considered the points raised for the justification of 

maintaining separate species, compared herbarium material, scrutinised the types 
together with their associated descriptions, and have come to the conclusion that the 

possible characters that may separate them can be considered no more than the natural 
variation within a single species. 
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Vitis x alexanderi Prince ex Jacques (Vitaceae), 
the first 'American Hybrid' grapes 

David J. Mabberley 

Abstract 

Mabberley, D.J. (National Herbarium of the Netherlands, University of Leiden, The Netherlands, and Royal 
Botanic Gardens Sydney, NSW 2000, Australia) 1999. Vitis x alexanderi Prince ex Jacques (Vitaceae), 
the first 'American Hybrid' grapes. Telopea 8(3): 377-379. The first 'American Hybrid' grapes 

(Vitis vinifera L. x V. labrusca L.) are to be referred to as cultivars of Vitis x alexanderi, a name first 

validly published in a French periodical in 1829. Attention is drawn to unlisted names (in Boronia, 
Embothrium, Mimosa and Petrophile) of native Australian plants also validly published in the same series. 

Introduction 

Most grape cultivars grown in Australia are selections from hermaphrodite forms of 
the Old World grapevine, Vitis vinifera L., and these include all those grown for wine 
here. However, a few others, such as 'Concord' and 'Catawba', are known to be crosses 
between V. vinifera and the North American skunk grape, V. labrusca L. (see Scherz & 
Zimmermann 1953). Elsewhere in the Pacific, notably in Hawai'i, another such hybrid 

important as a commercial crop is 'Isabella' (Mabberley 1998:94, t. 37). 'Concord' is the 
most important cultivar in parts of the north-eastern United States and is the basis of 

the grape-juice industry there (Pinney 1994). 

The early crosses arose spontaneously in areas of the eastern United States where the 
exotic V. vinifera was grown near V. labrusca populations. One of the first to be recorded 
was 'Alexander', which was found before 1776 in Pennsylvania, not far from where 

the state's founder, William Penn (1644-1718), had planted V. vinifera in 1683 (Pinney 
1994). As V vinifera failed over and over again in the United States because of 
phylloxera and other diseases, such hybrids, with resistance from V. labrusca, were 
selected, despite the 'foxy' flavour of the berries. 'Alexander', known by 1804 as 

'Alexander's or Tasker's grape' (Mabberley 1998: 143), was the basis, in Indiana in 
1806, of the first North American wine industry, so esteemed locally that Thomas 

Jefferson could declare it 'worthy of the best Vineyards of France' (Hedrick 1908: 

160-1, but see below). 

In his annual nursery catalogues of the 1820s, William Prince (1766-1842) of the 
Linnaean Botanic Garden, Flushing, New York, was offering plants of both 'Isabella' 
and 'Alexander' at 37'A<t each. These and similar cultivars were the first 'American 
Hybrid' grapes, a group now taken to include other crosses involving North American 

species. Many of those have no V. labrusca in them but are important as phylloxera- 
resistant rootstocks. The early hybrids were imported to Europe and others were 
deliberately synthesized there ('French Hybrids') in the battle to re-establish French 
wine-growing in the face of the phylloxera outbreak of 1867. Although 'Alexander' 

has slipped out of commercial cultivation and was perhaps hardly, if ever, grown in 
Australia, 'Isabella' is still grown here (Kerridge & Antcliff 1999:198), though the foxy 
or blackcurrant taste of the grapes inherited from V. labrusca has meant that, lest the 

vendange be contaminated, it has been illegal since 1934 to plant 'Isabella' and other 
vinifera-labrusca crosses in France for example (Pinney 1994). 
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Because of the disease resistance and disagreeable flavour (to most palates) coming 
from V. labrusca, it is useful to be able to distinguish formally between the cultivars 

derived from just V. vinifera, and those of the original hybrid parentage. In recent 
bibliographical research to ascertain the earliest name for these V. viniferci-V. labrusca 
crosses (Mabberley 1998: 143), the importance of the publications of the French 
growers, who introduced the hybrids to Europe in the first decades of the nineteenth 
century, was emphasized. 'Isabella' for example, was offered (as 'V. isabellae'. Prince's 
nursery name of 1822) by Audibert of Tonelle, near Tarascon, in southern France at 

least as early as 1830 (see Mabberley 1998: 143) and (as 'Isabelle'), by Jacquemet- 

Bonnefont of Lyon by 1833 (Catalogue et prix-courants: 11, 1833). By examining the 
French horticultural literature of the 1820s, it has now become possible to pinpoint the 

earliest botanical name for the first 'American Hybrids' as follows: 

Vitis x alexanderi Prince ex Jacques, J. Soc. Agron. Prat. 1829: 409 (Dec 1829), pro sp. 

[Vitis x alexanderi Prince, Cat. Trees Plants, ed. 21: 27 (1822), pro sp., nom. nud.] 

Vitis x isabellae Jacques [pro sp.] var. alexanderi (Jacques) Jacques, Ann. FI. Pomone 1834: 
302, cum tab. (1834), nom. illeg. ('Isabella' was the basis for the autonymic variety). 

Type: France, Neuilly (cultivated; introduced from Prince's Linnaean Botanic Garden, 
Flushing, New York in 1825), fl. June 1829 & fr. 1829, H. Jacques s.n. (FI ?, n.v.; 

apparently not preserved, in which case Jacques's 1834 plate based on that very plant 
would be a good candidate for a neotype [iconotype]: 'Vitis Isabellae Alexanderi', 

Jacques, l.c.). This plate is a clear link to Jacques's taxon and in this unusual case an 
illustration would seem preferable to a modern herbarium specimen, particularly as 
'Alexander' seems not to be in general cultivation today. Indeed the grape seems not 
to be grown at all in Australia or Europe, though material referred to the old cultivar 
is represented in the grape germplasm collection of the USDA-ARS Plant Genetic 

Resources Unit of Cornell University, USA (Warren F. Lamboy in litt.). 

Vitis x prolifera Raf., Medic. Fl. 2: 134, t. 100, f. F (1830), pro sp.; Mabb., Paradisus: 94, 
t. 37, & 143 (1998), q.v. for discussion of type and further synonymy, syn. nov. 

Henri-Antoine Jacques (1782-1866) got his plant from Louis Noisette (1772-1849), who 
had imported it directly from William Prince at Flushing, New York, in 1825. Jacques 
gives a full description of the plant he had at first kept in a pot but which flowered and 
fruited when planted outside at Neuilly in 1829: besides morphological features he 
includes not only an account of its characteristically 'foxy' berries but also that of its 

hermaphrodite flowers like those of cultivated forms of V. vinifera. Although Jacques 
calls it 'Vigne d'Alexandrie [i.e. Alexandria]', and Prince had it as 'Alexandrian' before 
him, Jacques corrected that in 1834 to 'Vigne d'Alexander' as it commemorates John 

Alexander, gardener to Governor John Penn (1729-1795), William Penn's grandson, 
following Prince's catalogues' 'Alexander's or Schuylkill muscadel...' (1823: 31,1825: 
34 [National Agricultural Library, US Department of Agriculture, Beltsville, teste 

Cheryl Toefield in litt.], 1826: 32), but included it under V. isabellae, a name (unlike 
V. alexanderi) not validly published before that. John Alexander had found it in the hills 

near the Schuylkill River, hence the other early vernacular name (Hedrick 1908:160-1). 

Conclusion 

Cultivars derived from the Old World grapevine alone are therefore to be written Vitis 

vinifera 'Cabernet Sauvignon' or V. vinifera 'Purpurea', for example ; those with the 
hybrid parentage as, for example, Vitis x alexanderi 'Isabella' or V. x alexanderi 'Concord'. 
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Postscript 

The volume where Vitis x alexanderi was first published was the successor to the short¬ 
lived Journal des Jardins (1828), copies of both of which are held in the Bibliotheque 
Centrale of the Museum National d'Histoire Naturelle, Paris, for example, but they are 
rather little known as yet in Australia (cf. Mabberley 1999); new validly published 
binomials in both, referring to Australian native plants being grown in Europe in the 
1820s, though not yet in APNI (nor Index Kewensis where V. x alexanderi is not found 
either), are: 

Boronia caerulata Boitard, ]. Jard.: 154 (1828, Rutaceae) 
Embothrium acanthifolium Hort. Angl. ex Cels, J. Soc. Agron. Prat. 1829: 345 (1829) = ? 
Grevillea acanthifolia A. Cunn. (Proteaceae) 
Mimosa lunata Noisette, /. Jard.: 118 (1828) = ?Acacia lunata Lodd. (Leguminosae) 
M. prostrata Noisette, l.c., non Lam. (i.e. Neptunia prostrata (Lam.) Baill.) = ? Acacia 
prostrata Lodd., i.e. A. genistifolia Link 

M. semperflorens Noisette, l.c. = ? Acacia semperflorens Jacques 
Petrophile triloba Cels, /. Jard.: 186 (1828) as 'Petrophylla' = ? Isopogon trilobus R.Br. 
(Proteaceae). 
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Abstract 

Streiber, N.1, Brown, E.A.2, Conn, B.].2 and Quinn, C.J3 C1School of Biological Science, University ofNexv 
South Wales, Sydney, NSW 2052, Australia; 2Royal Botanic Gardens, Mrs Macquaries Road, Sydney, NSW 
2000, Australia) 1999. Systematic studies in Dracophyllum (Epacridaceae) 1. Morphometric analyses of 
Dracophyllum secundum sensu lato. Telopea 8(3): 381-391. An evaluation of the morphological 

variation within the New South Wales taxon Dracophyllum secundum revealed the following two 

undescribed distinct taxa: D. sp. 'Jervis Bay' (Broivn 97/80) and D. sp. 'Lansdowne' (Brown 97/51). 
The morphological differences between the taxa used in the analyses are summarised. 

Introduction 

Dracophyllum Labill. comprises approximately 50 species, with 35 in New Zealand 
(Allan 1961), seven in New Caledonia (Virot 1975) and five in Australia. Together with 
its allies Richea and Sphenotoma, it forms a well-defined group within the epacrid 

lineage (Powell et al. 1996; Crayn et al. 1998). Dracophyllum is currently divided into 
three subgenera (Oliver 1928): Oreothamnus (flowers solitary or in a simple raceme), 
Dracophyllum (as ‘Eudracophyllum' in Oliver; flowers in panicles) and Cordophyllum 
(flowers in dense fascicles, each on a separate densely bracteose pedicel). All taxa 
included in this study belong to the subgenus Dracophyllum. 

Tire Australian taxa are endemic, although some close relatives are found in New 
Zealand (e.g. D. strictum Hook.f., D. latifolium A.Cunn.) and New Caledonia 
(D. verticillatum Labill.). Prior to this study, the following species were recognised in 
Australia: D. milliganii Hook.f. and D. minimum F. Muell. (Tasmania), D. sayeri F. Muell. 
(Cook District, Queensland), D. fitzgeraldii C. Moore & F. Muell. (Lord Flowe Island) 

and Dracophyllum secundum R.Br. (mainland New South Wales). 

Dracophyllum secundum sensu lato is a common and widespread taxon (Fig. 1) that has 
long been recognised as morphologically very variable. Powell (1992) recommended 
that this taxon receive further investigation. Recent collections, particularly from the 

Comboyne Plateau area of northern New South Wales, also suggested that the current 
classification did not adequately accommodate the morphological variation observed. 
This study aimed to investigate the morphological variability within Dracophyllum 
secundum using morphometric techniques. 

Methods 

The measurements of morphological characters for the numerical analyses were made 

from 69 collections (51 herbarium and 18 living; including three herbarium specimens 
of D. sayeri and three of D. fitzgeraldii). Since the aim of this study was to evaluate 
morphological variability within D. secundum sensu lato, only a small number of 
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specimens of D. fitzgeraldii and D. sayeri (available at NSW and UNSW) was added to 
the analysis as reference taxa. These latter two species enabled the taxonomic 
significance of morphological variation within D. secundum sensu lato to be evaluated. 
Furthermore, the superficial similarity between D. fitzgeraldii and the Jervis Bay 
populations of D. secundum had been noted by several field workers (e.g. J. Benson 
1999, pers. comm.). The inclusion of Dracophyllum sayeri allowed a superficial 
comparison of the morphological features of this species and D. fitzgeraldii. Since 
adequate material of related New Caledonian and New Zealand species was not 
readily available, these taxa were not included in the analyses. Specimen details are 
given in Appendix 1. 

Morphological characters 

Initially 140 morphological characters (J.M. Powell, unpublished) were assessed. 
Twenty-six of these characters (Table 1) were used for the various analyses of this 
study. The remaining characters were discarded because they were either more or less 
invariant amongst the taxa under investigation or were difficult to quantify for 

morphometric analysis (e.g. bract margin and nectary margin). 

Fig. 1. Distribution of Dracophyllum in mainland New South Wales. ■ Dracophyllum secundum; 
0 D. sp. 'Jervis Bay' (Brown 97/80); • D. sp. 'Lansdowne' (Brown 97/51). Note: to maintain clarity, 

not all collections are graphically presented. 
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Table 1. Final character set used in the morphometric analyses, with alphabetic codes (as used in 
Figs 2, 3) and character states recognised. 

Code Character State 

anl anther length (mm) 

anp anther position (1) fully exserted from corolla tube 

(2) within throat 

(3) within corolla tube 

asa staminal filament attachment (1) in upper half of corolla tube 

to corolla (2) at base of corolla tube 

bas bracts apex shape (1) acute 

(2) blunt 

bos bracts outer surface (1) glabrous 

(2) hairy 

ell corolla lobe length (mm) 

dw corolla lobe width (mm) 

ctl corolla tube length (mm) 

ctr corolla lobe length: tube length ratio 

ctw corolla tube width (mm) 

cvk corolla tube length vs. calyx length (1) exceeding calyx 

(2) ± equal to calyx 

(3) shorter than calyx 

fma direction of flower maturation (1) from base to apex 

in inflorescence (2) from apex to base 

fsn number of flowers per node (1)1 or 2(or 3)-flowered 

(at base of inflorescence) (2) 4— 10(—11)-flowered 

(3) >10-flowered (often 20-35) 

fst number of flowers per node (1)1 or 2 (or 3)-flowered 

(halfway up inflorescence) (2) 4—10(—11)-flowered 

(3) >10-flowered (often 20-35) 

hab habit (1) low ± prostrate shrub 

(2) spreading to laxly erect shrub 

(3) erect shrub 

(4) tree 

hgt plant height (cm) 

klm calyx length (mm) 

kwm calyx width (mm) 

las leaf apex shape (1) acute 

(2) blunt 

llm leaf length (mm) 

Ims leaf margin number of lobes per 5 cm 

Ish leaf surface (1) glabrous 

(2) hairy 

Iwm leaf width (at midpoint of leaf) (mm) 

ovr ovary length:width ratio 

pph peduncle/pedicel surface (1) glabrous 

(2) hairs < 0.2 mm long 

(3) hairs >0.5 mm long 

stl style length (mm) 
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Those characters that require further explanation are briefly discussed below. 

Leaves 

Leaf length (llm) and width (hum) were measured on leaves that were inserted 
approximately 10 cm below the branch apex. 

Leaf margin 

The leaf margin (/ms) varies from entire to minutely lobed. The lobes are either 
terminated by a tooth or the tooth is absent. Although the lobes vary in form from 

bulbous at the base to tapered, it was the presence or absence of the basal lobe that was 
scored, rather than the variations in morphology, which are difficult to quantify. 

Inflorescence 

The inflorescences of the Australian species are variously modified superconflorescences 
with the conflorescence axis reduced to 1-many bracteose eubotryoids on anthotelic 
short shoots (sensu Briggs & Johnson 1979). The uniflorescence is usually a 3- to many- 
flowered eubotryoid (sometimes reduced to a single flower). Although the 
inflorescence is described as bracteose, the bracts and bracteoles are caducous, their 
presence often being indicated only by a scar. The superconflorescences of all 

Australian taxa, except the 'Lansdowne' group, mature along the main axis in 
acropetal sequence (fma). Maturation in the 'Lansdowne' group is basipetal. 

The number of flowers at each node varies according to position on the inflorescence, 
basal nodes tending to have more flowers than distal nodes. To ensure that number of 
flowers per inflorescence provided comparable information for all taxa in this study, 
two measurements were taken, namely number of flowers per basal inflorescence 
node (fsn), and number of flowers per node from the middle of the inflorescence (fst). 
Because the lowest node could not always be scored on specimens due to obscuring 

by leaves and flowers, the 'basal' node was scored from one of the three lowest nodes. 
The 'middle' node is the node nearest to the mid-point of the inflorescence length that 
could be measured. 

An initial evaluation of the taxa using the character 'number of flowers per node' as a 

measure of similarity indicated that inflorescences of taxa are mostly few-flowered per 
node (1-3 flowers) or many-flowered per node (>10 flowers, usually >25), with fewer 
taxa having a medium number of flowers per node (4-10). Taken together with the 
difficulty of accurately counting the number of flowers in highly floriferous 
inflorescences, it was decided to categorise the data into discrete range values for 
analysis. Although this type of range standardisation results in a reduction of 

information, this technique was also used to reduce the influence (hence, weighting) 
of the strongly bimodal distribution of values. 

Flowers 

The perianth, androecial and gynoecial measurements are all based on an average of 
five flowers. 

Anther position 

The anthers are recorded as: 

• fully exserted, when the entire locule is exserted beyond the base of the corolla lobes; 

• partially exserted, when only part of the anther is positioned above the base of the 
corolla lobes; 

• included, when no part of the anther protrudes beyond the corolla tube. 



Streiber et al.. Morphometric analyses of Dracophyllum 385 

Ovary length/width ratio 

The measurements for ovary length or width showed highly skewed or anomalous 
distributions. This was assumed to be a consequence of the variation in age of the 
ovaries measured. However, the ratio of ovary length to its width does not appear to 

vary with age (when measured within an individual inflorescence). 

Data analysis 

The data were analysed using PATN version 3.5 (Belbin 1993). Two main types of 
quantitative analysis were used: ordination and cluster analysis. Multidimensional 
scaling (MDS) was used in the ordination with Gower's metric association measure. 
The relationship of these morphometric variables across the ordination space (derived 
from MDS) was evaluated using principal axis correlation (PCC) procedures. For the 
duster analysis a hierarchical classification was produced using Gower's metric 

association measure together with Flexible UPGMA. The phenograms summarising 
the results of group fusion were produced using DEND and the groups were defined 
using the group definition program (GDEF). The rationale for the use of these 

multivariate techniques, as well as their limitations and mathematical properties, have 
been discussed in a number of publications (e.g. Belbin 1993, Brown & Wiecek 1996, 

Crisp & Weston 1993, Gower 1971). 

Results and Discussion 

The 3-dimensional ordinations are presented in Figures 2 and 3. The character vector 
diagrams, derived from PCC, have been included. These vectors indicate the 

correlation of the characters across the ordination space. The vector lengths indicate 
the relative correlation coefficients. All measurements given below refer only to 

specimens used in the analysis. 

The initial results from cluster analysis of 69 specimens and 26 characters show that 
the specimens formed six well-defined groups (refer to both Figs 2 and 3); namely, 

D. sayeri, D. fitzgeraldii, D. sp. 'Jervis Bay' (Brown 97/80), 'Avon River', D. sp. 'Lansdowne' 
(Brown 97/51),' and D. secundum sensu stricto. The latter four groups are presently 
included in D. secundum sensu lato. Although D. fitzgeraldii is apparently indistinctly 
clustered from D. secundum on the first two ordination vectors (Fig. 2), it is obviously 

distinctly clustered in the ordination space characterised by vectors 1 and 3 (Fig. 3). 
Likewise, Dracophyllum sp. 'Lansdowne' (Brown 97/51) and D. secundum are not 

separable on vectors 1 and 3 (Fig. 3), but are readily distinguishable on vectors 1 and 2 
(Fig. 2). A consideration of the ordination space summarised by vectors 1, 2 and 3 
(vectors 2 and 3 not presented here), shows that the Jervis Bay populations clearly 
cluster with D. fitzgeraldii and D. sayeri (also refer group fusion phonogram. Fig. 4). 
Similarly, D. secundum, 'Avon River' and D. sp. 'Lansdowne' distinctly cluster, 

separate from the previous group (also shown in Fig. 4). 

(3) Dracophyllum secundum sensu stricto 

This species is distinguishable from D. sp. 'Jervis Bay' (Brown 97/80), D. fitzgeraldii and 
D. sayeri by several characteristics, but particularly by tending to have more teeth on 

the leaf margin (Ims: 8—17(—32) teeth per 5 cm), smaller and narrower leaves (Urn and 
hum: (33—)63—110(—170) mm and (1.5-)2.5-4.5(-6) mm, respectively), and fewer flowers 
at the midpoint of the inflorescence (fst: 1-3 flowers, rarely to 11). Furthermore, this 
species differs from D. sp. 'Lansdowne' (Brown 97/51) by being a smaller shrub (hab), 

with smaller flowers (anl, ctl, clw, ell, klm, kwm, stl), as discussed under D. sp. 
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'Lansdowne' (Brown 97/51). In addition, there is a greater variation in the number of 
flowers at the basal inflorescence nodes (fsn), namely 1-3-flowered, less frequently to 
10 (or rarely 11) compared with l-3(or 4) in D. sp. 'Lansdowne' (refer character vector 
diagrams of Figs 2, 3). 

The specimens of D. secundum sensu stricto are grouped into four morphological 

subgroups. One of the more distinctive subgroups ('K' of Figs 2, 3, 4) refers to three 
pink-flowered plants from Kellys Falls (Helensburgh, N.S.W.; 34°12'S, 150°58'E) that 
are characterised by a tendency to have more lobes on the leaf margin (Ims) and 
slightly larger, more numerous flowers (ctl, stl, fsn) than the other subgroups. 
However this subgroup and all others (refer Fig. 4) do not appear to correlate with any 
ecological or geographic variables. The clustering appears to be somewhat random, 
with plants from one population often separated into different subgroups (as occurs 
with a fourth Kellys Falls specimen). 

(2) The 'Avon River' entity 

This is represented by a single specimen (Thomas s.n., NSW 363452) from the 
Woronora River catchment (Central Coast, N.S.W; 34"24’S, 150"43’E) ('A' of Figs 2, 3, 
4). The main morphological difference between this specimen and D. secundum sensu 
stricto is that it is sparsely and evenly covered with long soft hairs (cf. D. secundum 

Fig. 2. Three-dimensional ordination of the specimens onto the 1st and 2nd vector axes and the 

character vector diagram. ■ Dracophyllum secundum; K Kellys Falls population of D. secundum; 
A 'Avon River' specimen; 0 D. sp. 'Jervis Bay' (Brown 97/80); B Brown 97/83S (shade branch of Brozvn 
97/83), 'Jervis Bay' group; C Brozvn 97/83, 'Jervis Bay' group; • D. sp. 'Lansdowne' (Brozvn 97/51); 
F D.fitzgeraldii; S D. snyeri. 
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sensu stricto which is glabrous), and it tends to have shorter and narrower leaves than 
typical D. secundum (llm and hum: c. 33 mm long and 2 mm wide, respectively). Three 
dimensional ordination with the indumentum characters of the leaf and bracts deleted 
reduced but did not eliminate the distinctness (Fig. 4) of the Avon River specimen 
from the nominate group (cluster analysis not presented here). However, the 
taxonomic status of this entity requires further evaluation with more adequate 
sampling. This is particularly relevant because D. secundum sensu stricto is still 
morphologically variable. For example, flowering (hence, apparently mature) plants 

are sometimes very small and seedling-like. Likewise, plants sometimes produce side 
branches with very small leaves on an otherwise typical stem. Since the biology of 
these plants and the extent of environmental influences are largely unknown, 
interpretation of such material is problematic. In addition, the production of hairs in 
some epacrid taxa appears to result from simple mutations that may occur relatively 
frequently (Brown & Wiecek 1996). Attempts to re-collect specimens from the Avon 

River area have been largely unsuccessful: a similar specimen has been reported from 
an adjacent catchment area (D. Thomas pers. comm.) and one recent sterile collection 
(M. Robinson pers. comm.) also appears to belong to this taxon. Since only inadequate 
or insufficient material is available, this entity has been tentatively included in 

D. secundum. 

Fig. 3. Three-dimensional ordination of the specimens onto the 1st and 3rd vector axes and the 

character vector diagram. ■ Dracophyllum secundum; K Kellys Falls population of D. secundum; 
A 'Avon River' specimen; 0 D. sp. 'Jervis Bay' (Broum 97/80); B Brown 97/83S (shade branch of Brown 
97/83), 'Jervis Bay' group; C Brown 97/83, 'Jervis Bay' group; • D. sp. 'Lansdowne' (Broivn 97/51); 
F D. filzgeraldii; S D. sayeri. 



388 Telopea 8(3): 1999 

(3) Dracophyllum sp. 'Jervis Bay' (Brown 97/SO) 

Dracophyllum sp. 'Jervis Bay' (Brown 97/80) differs from D. sp. 'Lansdowne' (Brown 

97/51) and D. secundum by tending to have larger leaves (llm and hum: 
(90—) 115—195(—228) mm and (4.5-)6-8 mm, respectively), blunt leaves and bracts 
(las and has, respectively), and more floriferous at the base and midpoint of the 
inflorescence (fsn and fst: >10-flowered, often 20-35, or occasionally with middle 
nodes having as few as 3 flowers). When compared with D. sayeri, this 'Jervis Bay' 
taxon tends to be a smaller shrub (hub), with narrower and shorter leaves (hum and llm, 
respectively), but generally with larger flowers (mil, ctl, stl: (0.6-)1.4-1.6(-1.8) mm, 
(4.8-)5.8-6.4(-7.1) mm and (2.2—)2.5—3.1 (—3.3) mm compared with 1-1.4 mm, 

(3.3-)4.5-4.9 mm and c. 2 mm in D. sayeri; refer character vector diagram of Fig. 3). 

One specimen of the 'Jervis Bay' group (Brown 97/83S; 'B' of Figs 2, 3) is a specimen 

from a lower, shaded branch of Brown 97/83 ('C' of Figs 2, 3), which has fewer flowers 
per node. The former collection is intermediate between D. secundum sensu stricto and 
D. sp. 'Jervis Bay' (Brown 97/80) in tire ordination space (Figs 2, 3). The removal of the 
character 'flower number at the base of inflorescence' (fsn) from the analysis results in 
specimen 'B' clustering closer to the remainder of the 'Jervis Bay' group (ordination 

not presented here). 

The results of the analyses suggest that D. sp. 'Jervis Bay' (Brown 97/80) is 
morphologically more similar to D. sayeri and D.fitzgeraldii than to D. secundum sensu 
stricto (Fig. 4) or D. sp. 'Lansdowne' (Brown 97/51). 

i-1-1-1-r 
0 0.2 0.4 0.6 0.8 

Fig. 4. Simplified flexible UPGMA phenogram generated from agglomerative group fusion using 

Gower's metric association measure (note: bract and leaf indumentum characters not used). 

■ Dracophyllum secundum; K 3 specimens from Kellys Falls population of D. secundum; A 'Avon 

River' specimen; 0 D. sp. 'Jervis Bay' (Brown 97/80); • D. sp. 'Lansdowne' (Brown 97/51); 
F D. fitzgeraldii; S D. sayeri. 
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(4) Dracophyllum sp. 'Lansdowne' (Brown 97/51) 

This group is morphologically most similar to D. secundum sensu stricto. It is 
distinguished from both D. secundum and the 'Jervis Bay' group by several characters, 
but particularly by its longer floral features. For example, the longer corolla tube and 
lobes (ctl and ell: 17-22(-24) mm and 2.7-3.8(-4) mm, respectively; cf. (4—)5.6—7.2(—9.2) mm 
and 1 —2(—3) mm in D. secundum; (4.8—)5.8—6.5(—7) mm and 1.8-2.3 mm in 'Jervis Bay' 
group), calyx lobe length (klm) which is (8.7—)9—10(—10.6) mm compared with 
(3.4—)4—5.2(—6.8) mm in D. secundum and (5-)5.8-6.6(-7) mm in 'Jervis Bay' group, and 
style length (stl) equal to (14.5—)15—19 mm compared with (2—)2.5—4(—7) mm and 
(2.2—)2.5—3.1 (-3.5) mm. The basipetal maturation of the inflorescence (firm), insertion of 
the stamens at the base of the corolla (asa), compared with upper half of corolla tube, 
and generally longer and wider leaves (lint and hum: (85-)125-155) mm and (3-)3.5-4 mm 

compared with D. secundum above) (Fig. 2) also distinguish this species. 

(5) Dracophyllum fitzgeraldii 

Many of the features that separate the 'Jervis Bay' group from D. secundum and the 
'Lansdowne' group also distinguish D. fitzgeraldii from the two latter taxa. For 
example, D. fitzgeraldii has leaf length (lint) (160-)205-335 nun, leaf width (hum) 
(7—)9—11 mm, flower number at the base and midpoint of the inflorescence (fsn and fin) 
>10, often 20-35-flowered. Additional features that distinguish between D. fitzgeraldii, 

D. sayeri and D. sp. 'Jervis Bay' (Brown 97/80) include: calyx lobe length (klm) 
(3.9—)4.4—5 mm compared with 2.8-3.5 mm in D. sayeri and (5—)5.8—6.6( 7.1) mm in 
'Jervis Bay' group, corolla tube length (ctl) c. 5.3 mm compared with (3.3—)4.5—4.9 mm 
in D. sayeri and (4.8-)5.8-6.4(-7.1) mm in 'Jervis Bay' group, anther position (anp) 
partially exserted from corolla tube compared with fully exserted in D. sayeri and fully 
included in the 'Jervis Bay' group, and corolla tube to calyx length ratio (cvk) 0.6 

compared with 1 in the two latter taxa. 

(6) Dracophyllum sayeri 

The leaves of this species are similar to, albeit larger than, those of D. sp. 'Jervis Bay' 
(Brown 97/80) and D. fitzgeraldii, viz. leaf length (llm) (240-J410-440 mm, leaf width 
(hum) 9-11.5 mm. Likewise, flower number (fsn and ftn; >10, often 20-35 and 4 to at 

least 10-flowered, respectively), leaf apex (las) and bract apex (has) help to separate 
these three taxa from D. secundum and the 'Lansdowne' group. Dracophyllum sayeri 
tends to have fewer flowers in each axillary spike (fsn and ftn; c. 20 and 4 to at least 10, 
respectively) than D. fitzgeraldii and the 'Jervis Bay' group. The corolla lobes (ell) of D. 
sayeri are also much longer than in the other two taxa, namely 3.5-3.8 mm compared 
with c. 2.7 mm in D. fitzgeraldii and 1.8-2.3 mm in D. sp. 'Jervis Bay' (Broivn 97/80). 

Conclusion 

Field studies and morphometric analyses permit the following five taxa to be 

recognised: D. secundum, D. sp. 'Jervis Bay' (Brown 97/80), D. sp. 'Lansdowne' (Broivn 
97/51), D. fitzgeraldii, and D. sayeri. The results of this study support a narrower 
circumscription of Dracophyllum secundum than previously applied and the 
recognition of two new species, namely, D. sp. 'Jervis Bay' (Brown 97/80) and D. sp. 
'Lansdowne' (Brown 97/51). These latter two species will be formally described by 

Brown and Streiber (1999). 

The taxonomic status of the 'Avon River' specimen, currently included within 
D. secundum sensu stricto requires further evaluation based on population studies. 
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Appendix 1. Index to collections used in numerical analysis 

Collections are arranged alphabetically by collector's name and, under these, in numerical order. 

Names of Dracophyllum taxa recognised in this paper 

7. D. secundum 

2. D. sp. 'Jervis Bay' (Brown 97/80) 

3. D. sp. 'Lansdowne' (Brown 97/51) 

4. D. fltzgeraldil 

5. D. sayerl 

Blackshaw s.n. (NSW 411497): 1; Blakely s.n (NSW 411504): 1, (NSW 411505): 1, (NSW 411815): 1; 
Boden s.n. (NSW 411501): 1; Boorman s.n. (NSW 108893): 1, (NSW 411537): 1; Brown 95/241b: 5, 
97/2 la, c, e, f: 1, 97/50: 3, 97/51: 3, 97157a: 3, 97/72a, b: 1, 97/80: 2, 97/81: 2, 97/83: 2, 97/83s: 2, 

97/84: 2, 97/87: 2, 97/90: 2, 97/98a: 1. 

Cambage 3831: 5, Camfield s.n. (NSW 411244): 1; Cheels.n. (NSW 411507): 1; Constable s.n. (NSW 
52724): 2, (NSW 53360): 1, (NSW 56022): 1; Corbett 124:1; Corningham s.n. (NSW 429949): 2; Corsini 
2: 1; Coveny 9448: 1; Craven 8613:1; Crayn s.n. (UNSW 23312a): 2; Curry 8677: 1. 

Davies 271: 1; De Nardl s.n. (UNSW 22141): 3; Debenham s.n. (NSW 108896): 1. 

Fletcher s.n. (NSW 411533): 1; Fuller s.n. (UNSW 23802): 4. 

Griffith LSF3: 3. 

Hamess.n. (NSW 430667): 2; Hoogland 10040: 1. 

Johnson 126:1; Johnson s.n. (NSW 411503): 1. 

Kennedy 398: 1; King s.n. (NSW 417108): 4. 

Maiden s.n. (NSW 412114): 4; Makinson 131: 1; McGillivray 1425:1. 

Powell3411a & b]: 1, 430:1, 877: 5; Pulley B.R. 169: 1, 47 74: 1. 

Reilly s.n. (UNSW 7640): 1; fi/mes 57: 1; Rodway 917: 2. 

Thomas s.n. (NSW 363452): 1; Thompson 2372:1. 

Most s.n. (NSW 411508): 1. 

Waterhouse s.n. (UNSW 7478a & b): 1; l/Wia/fe 7072: 1; Wieceks.n. (UNSW 15616): 2. 
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Systematic studies in Dracophyllum 
(Epacridaceae) 2. New species of Dracophyllum 

in New South Wales 

E.A. Brown and N. Streiber 

Abstract 

Broivn, E.A3 and Streiber, N.2 (’Royal Botanic Gardens, Mrs Macquaries Road, Sydney, NSW 2000, 
Australia; 2School of Biological Science, University of Nezv South Wales, Sydney, NSW 2052, Australia) 
1999. Systematic studies in Dracophyllum (Epacridaceae) 2. Nezv species o/Dracophyllum in New South 
Wales. Telopea 8(3): 393-401. A morphological review of Dracophyllum secundum R.Br. has resulted 

in the recognition of two new species. D. macranthum E.A.Hr. & N.Streiber, from the Lansdowne 

area of the North Coast of New South Wales, has leaf morphology similar to that of D. secundum, 
but also has a distinctive basipetal maturing inflorescence and long corolla tubes. D. oceanicum 

E.A.Br. & N.Streiber, from the Jervis Bay area, South Coast (New South Wales), grows on seaside 

cliffs and has numerous flowers per node like D.fitzgeraldii and D. sayeri but differs in having less 

development of the secondary axes in the inflorescence, staminal filaments inserted on the 

receptacle and only slightly adhering to the corolla tube and stamens included in the corolla tube. 

An amended description of D. secundum R.Br. and a new key to Dracophyllum species in New South 

Wales are provided. 

Introduction 

A morphometric study of the genus Dracophyllum in New South Wales has shown that 
two taxa, previously included in D. secundum R.Br. are sufficiently distinct to justify 

their recognition as separate species (Streiber et al. 1999). The genus has been 
adequately described in several publications (e.g. Powell 1992, Virot 1975). This paper 
presents descriptions of the two new species D. macranthum and D. oceanicum, an 
amended description of D. secundum, and a key to the genus in New South Wales. 

Taxonomy 

1. Dracophyllum macranthum E.A.Br. & N.Streiber, sp. nov. 

Frutex glaber, usque ad 3 m altus. Folia (85-)140-200 mm longa, 6-9 mm lata; margo 

serrulata. lnflorescentia ab apice usque ad imum maturescens; flores 2 vel 3 per 
nodum basalem. Tuba corollae rosea vel rubiginosa, (16—)18—22(—25) mm longa, calyce 
saltern duplo longior; lobi corollae albi, 2.5-4 mm longi, 1.5-3 mm lati; stamina in 
fauce corollae inclusa, filamentis fundo tubae insertis, 18-20 mm longis. Stylus 

filiformis, (14—) 17—19 mm longus, apice parum exserto. 

Holotype: New South Wales: North Coast: Track to Newbeys Cave (an overhang), 
c. 100 m from Newbeys Creek Road, on Newbeys Creek, 3T44'19"S, 152°31'44”E, 270 

m alt., E.A. Broivn 97/51, N. Streiber & D.M. Crayn, 12 Aug 1997 (NSW 411514). Isotypes: 

CHR, MEL, NY. 

[Dracophyllum sp. 'Lansdowne' (Broivn 97/51) in Streiber et al. (1999)] 
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Shrub 0.6-2(-3) m tall, glabrous, initially erect to spreading but longer branches 
frequently pendent, open and often sparsely branching from c. 10 cm above base; bark 

somewhat fibrous, deeply and regularly fissured, grey with reddish tinge towards 
base of fissures, frequently with dark blotches and lichens; branches distally reddish 
brown, smooth between leaf scars. Leaves usually not persisting more than 20 cm 

below apex, erect to spreading, sheathing at base; sheath pale brown, c. 8 mm long and 
12 mm wide, gradually narrowed into lamina, margin somewhat membranous; 
lamina coriaceous, dark to mid green, abaxially slightly paler, linear-triangular, 

(85-)140-200 mm long, 6-9 mm wide, flat to slightly concave (becoming more so when 
dried); margin serrulate, up to 8 teeth/cm basally (usually 2 or 3), teeth more 
numerous distally, antrorse; tip acute and often brownish. Inflorescence (a variously 

modified superconflorescence, Streiber et al. 1999) terminal, flowers maturing 
basipetally; primary axis reddish brown; each node with a caducous leaf-like bract, 
usually with 2 or 3 flowers per node basally and 1, or occasionally 2, flowers per node 
distally; flowers large for genus, deflexed to spreading, becoming erect after corolla 

has dropped (probably ± erect in bud), sometimes secund. Brads brown, triangular, 
c. 50 mm long, 11 mm wide, with sheath, margin and apex as for leaves (only basal 

bracts observed). Bracteoles similar to bracts but smaller, c. 8 mm long, 0.5 mm wide. 
Pedicel reddish brown, 1.5-3 mm long. Calyx rose-coloured (becoming scarious and 

reddish brown with margin paler in fruit), lobes triangular, (8-)9-10(-ll) mm long, 
2-2.5 mm wide, c. 'A corolla length; margin membranous, ciliolate especially in distal 
half; apex acute. Corolla dark pink becoming red with age, lobes white; tube 
cylindrical, (16—)18—22(—25) mm long, 3-3.5(-4) mm diam.; lobes spreading, ovate, 

2.5-4 mm long, 1.5-3 mm wide, base obtuse to subcordate, apex obtuse, surface 
rugose-verrucate. Stamens with filaments inserted at base of corolla tube, 18-20 mm 
long; anthers attached above midpoint, 2-3 mm long, barely included in corolla throat. 

Pistil slightly longer than corolla tube; nectary scales separate, ± half height of ovary, 
upper margin ± irregularly toothed and truncate; ovary ± cylindrical, 2-3 mm long, 
1-2 mm diam., smooth, locule septum showing as paler vertical line; style filiform, 
(14-)17-19 mm long, minutely papillose distally; stigma indistinctly 5-lobed. 
Fruit brown, shorter than calyx, style often persisting, seeds not observed. (Fig. 1). 

Flowering: August-October (rarely to December). Fruiting: ?January-February 

Other specimens examined: New South Wales: North Coast: Kendall District, Bailey 80, Sep 1929 

(NSW 411235); Newbeys Creek area, Broivn 97/50, Streiber & Crayn, 12 Aug 1997 (NSW 417521), 

97/50b (NSW 412086, BRI), 97/50c (NSW 411513), 97/55 (NSW 411547), Crayn 251 & Williams, 29 Dec 

1996 (UNSW), De Nnrdi & Williams s.n., 30 Sep 1993 (UNSW 22141), Griffith LSF3,15 Aug 1993 (NSW 

283980); Starrs Creek catchment, south of Big Nellie, on main ridge below Tea Tree Trail, Broivn 
97/59, Streiber & Crayn, 13 Aug 1997 (NSW 411551, CANB, HO). 

Distribution: this species is known only from the Lansdowne State Forest but may 
also occur in more northern areas of the Comboyne Plateau. 

Habitat: on rock outcrops in sheltered stream gullies and damp roadsides, usually in 
slightly more open areas in the forest. 

Etymology: from the Greek macros large and anthos flower; the specific epithet refers 
to the flower size. 

Notes: a feature characteristic of this taxon is the basipetal maturation of the 

inflorescence. In no other Australian Dracophyllum do the flowers at the apex of the 
inflorescence mature first with sequential maturation down the inflorescence, nor does 
it appear to have been recorded in New Caledonian or New Zealand species. Other 

distinctive features are the dark pink corolla tube and white lobes (although 
D. secundum does exhibit a range of colour variations from off-white to bright pink) 
and the corolla tube, which is twice the length of any other Australian species of 
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Fig. 1. Dracophyllum macranthum E.A.Br. & N.Streiber. a, Young plant with inflorescence; b, detail 
of bark on mature plant, showing deep regular fissures; c, detail of leaf margin, basal area to left, 
apical to right, showing well-developed teeth; d, detail of inflorescence, showing more mature 
flowers at apex, uppermost with corolla shed, buds and bracts present at base; e, basal node of 
inflorescence, showing flower buds and bracteoles; f, detail of flower (with life size sketch to left); 
g, open corolla, showing stamens and pistil; h, detail of ovary and nectary scales, (a, c-h Brmun 
97/50; b Brown 97/51). Scale bar: a = 160 mm; b & e = 20 mm; c & h =2 mm; d = 40 mm; f & g = 10 mm. 
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Dracophyllum. In these respects, it is most similar to the New Caledonian taxon 
D. alticola Daniker, which has a rose-coloured to carmine corolla with a tube 10-17 mm 
long (but differs in a range of indumentum, nectary, inflorescence and leaf characters). 
The leaves and habit, other than the formation of a strong branch system, are most 
similar to those of D. secundum, tine closest populations of which occur in the Rylstone 
area 250 km to the south west (see Fig. 1 in Streiber et al. 1999). 

Only old dehisced fruit were observed; fruit shape, size and seed characteristics could 
not be recorded. 

Conservation status: unknown, occurring in localised populations and afforded some 
protection within the Lansdowne State Forest. 

2. Dracophyllum oceanicum E.A.Br. & N.Streiber, sp. nov. 

Frutex glaber, usque ad 2.5 m altus. Folia (90-)150-200(-230) mm longa, 10—15(—18) mm 
lata; margo laevis vel subserrulata. Inflorescentia ab imum usque ad apice 
maturescens, glabra; flores (10-)20-30(-35) per nodum basalem. Tuba corollae albida, 
4-7 mm longa, calycem paulo superans; lobi corollae 1.5-2.5 mm longi, (l-)1.5-2 mm 
lati; stamina inclusa, filamentis 3.5—4.5 mm longis, fundo tubae insertis et ei nonnhil 
adhaerentibus. Squamae nectareae glabrae. Stylus crassus, tubum corollae aequans. 

Holotype: New South Wales: South Coast: cliffs c. 300 m N of Point Perpendicular, 
Beecroft Peninsula, Jervis Bay, 35”05'32"S, 150"48'28"E, 50 m alt., E.A. Brown 97/80, 
N. Streiber & C.C. Simpson, 9 Sep 1997 (NSW 412483) Isotypes: BRI, CANB, CHR, NY. 

[Dracophyllum sp. 'Jervis Bay' (Brown 97/80) in Streiber et al. (1999)] 

Shrub 0.4-2(-2.5) nn tall, glabrous, varying from low ± prostrate to robust and erect to 
spreading (in more sheltered positions), stem often branching extensively near base; 
bark somewhat fibrous, deeply and irregularly fissured, grey with reddish tinge 
towards base of fissures; branches distally reddish-brown, smooth between leaf scars. 
Leaves usually not persisting more than 40 cm below apex, erect to spreading and 
becoming recurved, sheathing at base; sheath greenish-brown to brown or pale buff, 
12-17 mm long, 14-21 mm wide, usually gradually narrowed into lamina, 
occasionally ovate or with slight shoulder, margin membranous; lamina coriaceous, 
usually bronzed green, paler abaxially, linear-triangular, (90-)150-200(-230) mm long, 
(9-)10-15(-18) mm wide, flat to slightly concave; margin smooth or more commonly 
subserrulate, with 1 or 2(-4) teeth/cm; tip blunt and frequently broken off. Inflorescence 
(a variously modified superconflorescence, Streiber et al. 1999) terminal, flowers 
maturing acropetally, primary axis reddish brown; each node with a caducous leaf-like 
bract, with (10-)20-30(-35) flowers per basal node, reducing to 1 or occasionally 
2 flowers per node distally (heavily shaded branches with as few as 4 flowers per basal 
node); flowers erect to spreading (rarely deflexed as a result of crowding). 
Bracts coriaceous, brown (sometimes whitish at the base, pink throughout or with a 
rose-coloured tip, becoming brown with age), triangular, c. 65 mm long and 15 mm 
wide at base of inflorescence to c. 10 mm long and 1.5 mm wide distally, sheath 
concave and well-developed, margin ciliolate towards base or smooth, tip obtuse. 
Bracteoles scarious, golden brown, linear triangular, 6-8 mm long, 0.2-0.6 mm wide, 
margin ciliolate distally, tip acute (flower often also subtended by a calyx-like 
bracteole immediately below calyx). Pedicel pale to mid-brown, to 8 mm long. 
Calyx greenish white to white, often with apex tinged pink, frequently brown with 
paler more membranous margin in infructescence; lobes triangular, 5-7 mm long, 
1.5-2 mm wide, 0.6-1 as long as corolla; margin with scattered minute teeth, ciliolate 
distally, apex acute. Corolla off-white, lobes becoming brown with age; tube 
cylindrical-urceolate, 4-7 mm long, 2.5-3 mm diam.; lobes spreading to reflexed, 
ovate, 1.5-2.5 mm long, (1—)1.5-2 mm wide, base subcordate to truncate, apex obtuse. 
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papillate distally (outer surface less so) and densely rugose. Stamens with filaments 

inserted on the receptacle, 3.5-4.5 mm long, often adhering slightly to corolla tube but 
not fused to it; anthers attached at midpoint or slightly above, 0.5-2 mm long, 
included. Pistil ± as long as corolla tube; nectary scales separate, c. 1.5-2 mm long, 
often ± as long as ovary, upper margin ± rounded to rarely almost truncate, glabrous; 
ovary ± cylindrical to obovate, 1.5-3 mm long, 1-2 mm diam., smooth with slight 
indentation at locule septum; style cylindrical, stout, 2-3 mm long; stigma indistinctly 
5-lobed. Fruit brown, shorter than calyx; style persistent; seeds not observed. (Fig. 2). 

Flowering: August-December (April). Fruiting: ?January-February. 

Other specimens examined: New South Wales: South Coast: Beecroft Peninsula, Benson s.n. & Brown, 
May 1985 (NSW 282397), Brown 97/81, Streiber & Simpson, Sep 1997 (MEL, NSW 412484, NY), 97/82 
(AK, HO, NSW 412485), 97/83 (NSW 417002), 97/83 (CHR, NSW 412486), 97/84 (AK, CANB, NSW 

412487, NY), Constable s.n., 7 Oct 1960 (NSW 52725), R. Comingham s.n., 14 Mar 1979 (NSW 

429949), Crnyn s.n. & Streiber, Dec 1996 (UNSW 23312-23316, 23320/1-23322), Lime 374, McLeod & 
Makinson, 27 Aug 1991 (B1SH, CBG 9105027, NSW, P), Rodway 917, 23 Oct 1932 (NSW 430747), 

Vickery s.n., 17 Apr 1961 (NSW 429952), Wiecek & Strieker s.n., Sep 1983 (UNSW 15616); Cape St 

George area. Brown 97/87, Streiber & Simpson, Sep 1997 (HO, NSW 412505), 97/90 (BRI, NSW 412512, 

NY), Mills s.n., Mar 1988 (NSW 223690). 

Distribution: probably restricted to the coastal cliffs and small bays of the north and 

south heads of Jervis Bay. 

Habitat: on coastal cliffs overlooking ocean, or at the base of cliffs and on stream 

margins in sheltered bays, rarely more than 50 metres from the sea. The substrate is 

sandstone of the Conjola Formation, part of the Permian Shoalhaven group. 

Etymology: from the Latin oceanicus, pertaining to the ocean or growing near the 

ocean, a reference to the habitat of this species. 

Notes: the Shoalhaven group of sandstones, conglomerates and silty sandstones 

extends north and south of Jervis Bay (from Greenwell Point to near Point Upright). 
Cliff lines throughout the area need to be investigated to see if this species has a wider 

distribution than currently known. 

D. oceanicum shows affinities with D. fitzgeraldii and D. sayeri (Streiber et al. 1999), all 
three having numerous flowers per node, an ability to form a large shrub/small tree, 

relatively wide coriaceous leaves and many floral measurements showing a degree of 
overlap. D. fitzgeraldii and D. sayeri typically have more development of the secondary 
axes in the inflorescence than D. oceanicum. The stamens in D. oceanicum are included 
in the corolla tube (compared with partially to fully exserted from corolla tube in the 

other two species) and staminal filaments are inserted on the receptacle and only 
slightly adhere to the corolla tube (as opposed to fused for most of their length in the 

other two taxa). D. fitzgeraldii and D. oceanicum have a capitate stigma (club-shaped in 
D. sayeri) and their corolla lobes are similar in shape (those of D. sayeri being longer 
and more triangular). D. oceanicum and D. sayeri have glabrous peduncles, pedicels 
and nectary upper margin whereas those of D. fitzgeraldii are ciliate/hairy. The 

relationship of these taxa to one another needs further work. Preliminary 
investigations of the atpfi-rbcL spacer were inconclusive (with c. six single base 
substitutions separating the taxa and much of that variation attributable to two 

different populations of D. secundum) and indicate that the taxa may have arisen 
relatively recently. Other techniques or different DNA regions would be required to 

resolve the relationships. 

Only old dehisced fruit were observed; fruit shape, size and seed characteristics could 

not be recorded. 
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Fig. 2. Dracophyllum oceanicurn E.A.Br. & N.Streiber. a, Upper stem and inflorescence; b, detail of 

bark on mature plant, showing deep ± regular fissures; c, detail of leaf margin, showing notches; 

d, detail of inflorescence, showing more mature flowers at base, some apical bracts present; e, basal 

node of inflorescence, showing branching, bracteoles and numerous flowers; f, detail of flower 

(with life size sketch to right); g, open corolla, showing stamens and pistil; h, detail of ovary and 

nectary scales, (a, c, e-g Brown 97/84; b Brown 97/81; d Brown 97/87; h Brown 97/90). Scale bar: a = 

50 mm; b = 20 mm; c = 2 mm; d = 26 mm; e = 13 mm; f, g = 6 mm; h = 3 mm. 
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Conservation status: unknown. The taxon occurs in two protected areas, Booderee 

National Park to the south of Jervis Bay and the Beecroft Peninsula Firing Range to the 
north, and appears to be relatively common along the coastal cliffs and inlets. 

3. Dracophyllum secundum R.Br., Prodromus Florae Novae Hollandiae: 556 (1810). 

Type: New South Wales: Parramatta, R. Brown s.n. [Bennett 2805], 18 June 1802 

(BM-photo!, K-photo!) 

Epacris secunda (R.Br.) Poiret in Lamarck, Encyclopedic Methodique, Botanique Suppl. 2: 

556 (1812). 

Prionotes secunda (R.Br.) Sprengel, Systema Vegetabilium 1: 631 (1824). 

Dracophyllum secundum f. rubro-rosea Domin, Bibliotheca Botanica 89: 501 (1928). 

Type: New South Wales: Sandsteinfelsen der Blue Mts, Domin IV, 1910 (PR?, n.v.) 

Shrub (0.1-)0.3-l(-2) m tall, glabrous; initially erect to spreading but branches 
frequently becoming pendent, occasionally prostrate; stem branching from near base, 
open and often sparsely branched or with branches in dense pseudo-whorls; bark 
sometimes present at base of branches, grey to brown, shallowly fissured; branches 
reddish brown, smooth between leaf scars. Leaves soon caducous, only persisting on 

distal 10 cm of branches (or up to distal 50 cm of young branches), occasionally with 
a glaucous bloom (more pronounced abaxially), erect to spreading, becoming 

recurved; basal sheath greenish brown to brown or pale buff, 9-17 mm long, 5-18 mm 
wide, usually gradually narrowing into lamina from c. 'A way up (sometimes from 
base), occasionally ovate or with slight shoulder, margin membranous; lamina 
coriaceous, usually mid- to dark green, paler abaxially, linear-triangular, 
(40-)50-l60(-l70) mm long, (3-)4-6(-18) mm wide, flat to slightly concave; margin 
serrulate, up to 7 teeth/cm basally, more numerous distally; teeth usually antrorse, but 

sometimes patent, often with a bulbous base (as in Fig. lc), apex acute. Inflorescence 
(a variously modified superconflorescence, Streiber et al. 1999) terminal, flowers 

maturing acropetally; primary axis reddish brown; each node with a caducous leaf¬ 
like bract, (1—)3—5(—11) flowers per node basally and 1, or occasionally 2, flowers per 
node distally; flowers erect in bud, becoming deflexed to spreading, often secund. 
Bracts coriaceous, pale brown, often tinged green or pink apically or occasionally 

glaucous, typically ovate with acuminate tip (sheath forming ovate base and lamina 
reduced to a triangular appendage; sheath to appendage ratio varying with position 
in inflorescence); 25-80 mm long, 10-15 mm wide at base of inflorescence to 10-15 mm 
long, 5-10 mm wide distally, sheath ± concave and well-developed; margin and tip 
similar to those of lamina. Bracteoles scarious, golden brown, linear-triangular to 

narrowly ovate, 2.9-4.7 mm long, 0.4-1.1 mm wide; margin ciliolate distally but 
occasionally smooth; apex acute. Pedicel white or greenish white to dark red, 
0.5-2(-3.5) mm long (becoming longer in fruit). Calyx colour similar to corolla but 

often more intensely coloured basally or apically, brown in fruit; lobes triangular, 
(3-)4-6(-7) mm long, (0.9-)l.l-1.8(-2.2) mm wide, 0.5-0.7(-l) as long as corolla; lobes 
with margin ciliolate distally; apex acute. Corolla off-white, occasionally pink 
splotched (especially lobe apices) or pale to mid-pink; tube cylindrical to very slightly 

urceolate, 4-8(-10) mm long, (1.5—)2—3(—3.5) mm diam; lobes initially erect, becoming 
reflexed, broadly ovate, l-2(-3) mm long, l-2(-3) mm wide, base subcordate to 

truncate, apex obtuse, inner surface papillate distally (outer surface often slightly 
papillate) and ± rugose. Stamens with filaments adnate to corolla tube, upper 1-2 mm 
free, rarely inserted on receptacle and c. 5 mm long; anthers attached at midpoint or 
slightly above, 0.5-2 mm long, included. Pistil ± as long as corolla tube; nectary scales 

separate, c. 0.5-0.7 as long as ovary, distally with margin truncate to rounded and 
often slightly toothed or uneven; ovary slightly obovate, 1.5-3 mm long, 1-2 mm 
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diam., smooth to 5-lobed; style stout, usually 3-4 mm long, minutely papillose 
throughout; stigma 5-lobed. Fruit brown, shorter than or equal to calyx, ± globose, 
3.5-5 mm diam., 5-lobed; style persistent; seeds pale brown, ovoid to slightly 

trigonous, c. 0.7 mm long, reticulate. 

Flowering: July-December (but sporadic flowering occurs outside these months). 
Fruiting: September-December (sporadic fruiting occurs March-August). 

Selected specimens (from 214 examined): New South Wales: Central Coast: Bull! Tops, Kennedy 
398,18 Aug 1992 (NSW 259084); N of Minnamurra Falls, Gtlmour 7505,23 Oct 1993 (NSW 460603, 

CBC, MEL); 2.5 km E of Westcliff Colliery, Keith 208,1 Feb 1986 (NSW 405009); Kellys Falls, Brown 
97/21 et al., 31 July 1997 (NSW 411665, MEL, NY); Woy Woy Creek, McBarron 17515,24 Aug 1969 

(NSW 411238). South Coast: Wandean Road, Brown 97/97a & Streiber, 11 Sep 1997 (NSW 417007, 

AK); Wandandian Creek, Robinson s.n. & Szigethy-Gynk, 27 Mar 1998 (NSW 428648); Yerriyong, Vbsf 

s.n., Aug 1930 (NSW 411508); Summit of Pigeon House, Rodway s.n., Nov 1917 (NSW 411268); W 

of Little Forest, Rodway s.n., 1 Aug 1937 (NSW 411521). Central Tablelands: Medlow Bath, Coveny 
9448 & Telford, 18 May 1977 (NSW 411531, CBG, K, L); Track from Evans Lookout Road to Neates 

Glen, Brown 97/72, Streiber & Taaffe, 20 Aug 1997 (NSW 411650, CANB, MEL, NY); Kanimbla Valley, 

Betteridge s.n, (NSW 411237); Currant Mountain Gap, Coveny 6608 & Hind, 10 Aug 1975 (NSW 

411512,"a, CANB, K, L, LE, RSA, UC, W); Colo Vale, Cheel s.n., Aug 1908 (NSW 411507). Southern 

Tablelands: Mt Bulee, Constable s.n., 28 Oct 1957 (NSW 45275); Mt Houghton, Briggs 4776, 1973 

(NSW 411828); Corang Arch, Craven 8613 et al., 18 Oct 1990 (NSW 294983); Bulee Gap, Wiecek 489 
& Porter, 23 Mar 1993 (NSW 268104, CBG). 

Distribution: widespread and common in the Central and Southern Tablelands from 

the Rylstone area to the Nerriga area and the Central and South Coast from Woy Woy 

to Pigeon House Mountain. 

Habitat: typically a plant of sheltered rock faces and ledges in gorges and valleys; 
grows on sandstone but also recorded from shale. Usually found in areas with high 

light intensities but capable of continued growth in shaded situations. 

Notes: morphologically, this is an extremely variable species with a diverse range of 
habits. Plants normally have multiple branches from the base or from below ground. 

Subsequent branching is often in a pseudo-whorl. There are no records of plants 
forming a single unbranched stem of any significant length but the branching system 

ranges from sturdy and erect to lax and pendent. 

Leaf size may vary considerably within populations and even within individual plants 
(from one branch system to another and sometimes from one part of a whorl to another). 

Calyx and corolla colour is variable. Although the majority of populations have off- 

white calyces and corollas, a few have pale to mid pink perianths (e.g. Brown 97/97a, 
Broivn 97/21). Some flowers also exhibit colour variation between and within the 
perianth whorls (e.g. Brown 97/72). The colour variation recorded is within a range that 
also occurs in a number of epacrid taxa such as Woollsia pungens (Cav.) F. Muell. and 

Epacris impressa Labill. 

The type specimen of D. secundum f. rubro-rosea Domin has not been found and 
examined. Three Domin specimens have been located at PR, none of which match the 
protologue (one sterile specimen and two in fruit). The form is considered (from the 

description) to be part of the colour variation that is normal for D. secundum. With the 
exception of three of the four specimens of the Kellys Falls population (Brown 97/21), 

none of the colour variants in this taxon show any segregation in morphometric 
analyses (Streiber et al. 1999). D. secundum is widespread in the Blue Mountains, 
typically with white flowers but all other variations in flower colour do occur 

sporadically and it is the only taxon of Dracophyllum known from the area. 
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Key to Dracophyllum species in New South Wales 

1 Leaf margin smooth (or with little grooves or obscurely serrulate); mature leaves 
15-40 cm long, 0.9-1.8 cm wide; inflorescence dense, with (10-)20-30(-60) flowers per 
basal node; corolla tube length ± equal to sepal length. 

2 Inflorescence with peduncles and pedicels glabrous; floral nectary glabrous on 
upper margin; occurring on the South Coast of New South Wales. 
... D. oceanicum 

2 Inflorescence with peduncles and pedicels bearing soft hairs c. 1 mm long; floral 

nectary ciliolate on upper margin; occurring on Lord Howe Island. 
........ D. fitzgeraldii 

1 Leaf margin finely to distinctly serrulate; mature leaves 5-20 cm long, 0.3-1.0 cm wide; 

inflorescence open, less than 10 (or 11) flowers per basal node; corolla tube length 

usually exceeding sepal length. 

3 Corolla tube 16-25 mm long; style more than 12 mm long; inflorescence maturing 

from apex to base, with 2 or 3 flowers per basal node. D. macranthum 

3 Corolla tube 4-9 mm long; style 1-7 mm long; inflorescence maturing from base 

to apex, with (1—)3—5(—11) flowers per basal node. D. secundum 
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SHORT COMMUNICATION 

Echinochloa dietrichiana (Poaceae: Panicoideae), a new species from 

Queensland and the Northern Territory 

P.W. Michael 

In this short communication I formally describe a new Australian native species of 
Echinochloa, so that the name will be available for a forthcoming volume of Flora of 
Australia. 

Echinochloa dietrichiana P.W. Michael, sp. nov. 

Gramen annuum usque ad 1.5(-2) m altum. Ligulae interdum in centra usque ad 
1 mm ciliatae. Paniculae, racemis dense dispositis, lineares, virides neque 
purpurascentes, 10-27 cm longae, copiose setosae. Spiculae ovatae, uniformite 3 mm 
longae, patenter valdeque hispidae. Gluma inferior longe vel abrupte acuminata, basi 

inflato-truncata ad dimidium spiculae attingens. Gluma superior acuminata vel usque 
ad 1.5 mm aristata. Flosculus inferior sterilis, raro staminatus, lemmate 2-13(-15) mm 
longe aristato. Flosculus superior hermaphroditus, antheris 1-1.2 mm longis, 

caryopside brunneola 1.6-1.8 mm longa. 

Holotype: Queensland: Cook District: South Johnstone, 17°33'S, 146°E, Bed of rivers on 

alluvial sand and gravel, R.H. Edmondson, 17 Jan 1969 (BRI 079502). 

Annual grass up to 1.5(—2) m tall, culms 5- to 8-noded, often decumbent and rooting 
at the lower nodes; nodes glabrous. Lower leaf sheaths covering the more or less 
compressed internodes which are 5 to 9 mm wide and often only 5 cm long; leaf blades 
linear, rarely more than 10 mm broad, usually 20 cm or less long, occasionally up to 

30 cm, narrowing to a long point; lower margins of leaf blades and upper margins of 
leaf sheaths smooth or scabrid, sometimes with long bulbous-based bristles; ligules 

usually glabrous but sometimes with cilia up to 1 mm long in the central portion. 
Panicles with densely arranged racemes, linear, green, not becoming purplish, 10-27 cm 
long, the lowermost and longest racemes scarcely spreading and (1.3—)3.5—5(—8) cm 
long; main rhachis, near the point of attachment of the branches, furnished with 

clusters of setae, often bulbous-based and up to 5 mm long; bristles scattered along the 
branches, often singly, not necessarily associated with the points of attachment of the 

spikelets. Spikelets crowded, ovate, uniformly 3 mm long, rarely longer, strongly and 
patently hispid, the bristles often bulbous-based and up to 1 mm long; pedicels paired, 
usually of unequal length, the longer no more than 1 mm long. Lower glume long- or 
abruptly acuminate, inflated-truncate at the base, about half the length of the spikelet, 

glabrous or sparsely puberulous except for the 5 inconspicuously hispid nerves; upper 
glume about as long as the spikelet, the 5 nerves strongly hispid with finely 

puberulous spaces between them. Lower floret sterile, rarely staminate, the lemma as 
long as the spikelet, bearing an awn 2—13(—15) mm long and with 5 strongly hispid 

nerves, spaces between the nerves glabrous or sparsely and very finely puberulous; 
palea membranous, narrower and just a little shorter than the lemma. Upper floret 
hermaphrodite, lemma crustaceous, glabrous except for the soft tip with minute hairs, 

enclosing the palea of similar texture; anthers 1-1.2 mm long. Caryopsis brownish, 

1.6-1.8 mm long. 

This non-weedy native Australian species occurs occasionally in seasonally flooded 

areas in coastal Queensland and Northern Territory, sometimes, according to 
collectors' notes, close to areas subject to tidal influence. 
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The epithet commemorates Amalie Dietrich (1821-1891), a remarkably skilful collector 
in the 1860s for the Hamburg merchants, J.C. Godeffroy and Son. Two of her 

specimens of this species from Rockhampton and near Mackay are in MEL. 

The current extent and conservation status of this species are unknown but it would 
appear to be quite vulnerable to competition from exotic perennial grasses. It is likely 

to have been overlooked by recent plant collectors due to its superficial resemblance 

to other species of Echinochloa, both native and exotic. 

Selected specimens: Queensland: Cook: Russells [Russell] River S. Johnson s.n., 1892 (MEL); 

Daintree River, Fitzalan s.n., 1875 (MEL); Cairns, White s.n., Jan 1918 (NSW 113462). North Kennedy: 

Cromarty, near Townsville, 20°43’S, 148°35’E, Blake 8292, Mar 1935 (BRI); 'Toomba', NW Charters 

Towers, )9°58'S, 145°36'E, Jacobs 8112, June 1996 (NSW); Don River, near Edgecombe Bay, Birch s.n., 
1886 (MEL). South Kennedy: Bloomsbury about 50 miles [81 km] WNW Mackay, Thomsett s.n., May 

1969 (BRI 085751); prope Mackay, Dietrich 390, undated (MEL [ex Museo Godeffroy 

Hamburgensis]). Port Curtis: 'Torilla' between Broad Sound and Shoalwater Bay, 22°15'-20S, 

150°04’E, Blake & Webb 15623, Apr 1945 (BRI); OJbobo', property of W. Wedge, Graham s.n., Apr 1958 

(BRI008372); Rockhampton, O'Shanesy s.n., June 1867(MEL);Gracemere, O’Shanesy 1631, Jan 1876 

(MEL); Rockhampton, Dietrich 1820, Feb 1866 (MEL); Bobs Creek, 17 miles [27.4 km] S of 

Rockhampton, Michael s.n., May 1972 (NSW 115945, BRI); Granite Creek c.45 km N of Marlborough, 

22°37’S, 149°32'E, Dalby 95/01 & Jacobs, Apr 1995 (NSW); Yeppoon Wetlands beyond Capricornia 

International Resort, Gray s.n., Aug 1995 (NSW 432046); Palm Creek, 23 km S of Miriam Vale, Bruce 

Hwv, Jacobs 2546 & Rodd, May 1976 (NSW). Wide Bay District: Maryborough, Blake 14331, Aug 1941 

(BRI). Moreton: Enoggera, near Brisbane, White s.n., Feb 1937 (BRI 070780). 

Northern Territory: Outflow of Overflow Creek, Litchfield, in perennial swamp, 13°18'S, 130°28'E, 

Russell-Smith 6007 & Lucas, Oct 1988 (DNA); Adelaide River, 12°42'S, 131°30'E, Wilson 420, Apr 1990 

(DNA). 

E. dietrichiana has been confused with two other annual taxa, namely, the native 
E. telmatophila RW. Michael & Vickery and E. crus-galli (L.) P. Beauv. ssp. hispidula 
(Retz.) Honda, an important weed of rice especially in the Indian sub-continent, south¬ 

east Asia, China and Japan. 

The non-weedy nature of E. dietrichiana, its remarkably hispid spikelets and lack of 
purplish coloration in the inflorescence conveniently distinguish it from E. crus-galli 

ssp. hispidula in which, moreover, the panicle branches are less dense, the lower 
racemes often being whorled and somewhat spreading. The much less strongly hispid, 

elliptical spikelets of E. crus-galli ssp. hispidula are 3-4 mm long, the lower glume, 
which is often somewhat rounded at the base, is only one quarter to one third the 
length of the spikelet, while the awn of the sterile lemma is often between 20 and 
40 mm long. The anthers of the fertile floret are generally shorter (0.7-0.9 mm) than in 
E. dietrichiana. 

E. telrnatophila is also non-weedy but its leaves are longer (often up to 35 cm) and 
broader (up to 18 mm) than in E. dietrichiana and its inflorescences are often purplish. 
The lower panicle branches are often longer (up to 10 cm) and its much less hispid 
spikelets, 3-4.2 mm long, are rather narrowly elliptical, gradually tapering towards 
the base. Awns arising from both the sterile lemma (up to 40 mm) and the upper glume 
(up to 7 mm) are much longer than in E. dietrichiana. Caryopses (1.8-2.3 mm), too, 

are longer. 
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For explanation and description of the Botanical Divisions and Subdivisions of New South Wales 

see Anderson, R.H. (1961). Introduction. Cont. Nezv South Wales. Natl. Herb. FI. Neiv South Wales 
Nos 1-18, pp. 1-15. 
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